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Abstract

Fasciolosis, caused by the liver fluke Fasciola hepatica, is a parasitic disease of major economic
importance in cattle and sheep production worldwide. Accurate diagnosis is essential for effective
control, yet the performance of available diagnostic methods varies considerably depending on
infection intensity, host species, and practical circumstances.

This master's thesis compared three methods: i) traditional sedimentation,  ii)
Al-based copromicroscopy (OvaCyte™), and 1iii)) a commercial coproantigen-ELISA
test, for diagnosing F. hepatica in faecal samples of ruminants.

A total of 70 faecal samples were collected from livestock (47 from cattle and 23 from
sheep) at four locations in Sweden. For 28 cattle and 23 sheep that were sampled at slaughter,
infection status  was first determined through  visual liver inspection. Faecal samples
were then analysed using all three methods. Detection rates, egg
counts, coinfection with rumem fluke , time efficiency, and agreement between the
different methods were evaluated.

Coproantigen-ELISA detected F. hepatica in the highest proportion of tested samples (49/70,
70.0%), followed by traditional sedimentation (45/70, 64.3%) and OvaCyte™ (37/70, 52.9%). In
sheep, all three methods detected F. hepatica in all 23 samples (100%). In cattle, ELISA was
positive in 26 of 47 samples (55.3%) , sedimentation in 22 of 47 samples (46.8%) , and OvaCyte™
in 14 of 47 samples (29.8%). OvaCyte™ recovered the highest total number of F. hepatica eggs
(1,261 EPG) compared to sedimentation (1,146 eggs/5g). Rumen fluke infection was common in
sheep (73.9% by sedimentation, 60.9% by OvaCyte™) but rare in cattle (2.1-4.3%). ELISA was the
most time-efficient method (6 hours for 70 samples), followed by OvaCyte™ (12 to 15 minutes
preparation plus 3 minutes reading time per sample) and sedimentation (45 minutes sedimentation
plus 11 to 16 minutes reading time per sample). Pairwise agreement between methods was moderate
(x = 0.44-0.47), with the highest agreement observed between the microscopy-based detection
methods.

No single diagnostic method is optimal for all situations. ELISA is most effective for herd level
screening and early detection in cattle. Sedimentation remains a practical, low cost alternative for
confirmatory diagnosis, particularly in resource limited settings. OvaCyte™ provides full
automation, consistent results, and excellent performance in sheep, along with the unique ability to
detect mixed infections with rumen flukes simultaneously.In sheep, OvaCyte™ is
the preferred method due to its perfect detection rate, highest egg recovery, and ability
to detect mixed infections with other flukes. For mixed farms, ELISA is recommended for
cattle, but it is also suitable for sheep. When clinical suspicion is high or the consequences of
missing an infection are severe, using multiple tests in parallel provides the most reliable diagnosis.

Keywords:  Fasciola hepatica, Paramphistomum spp., liver ~ fluke, rumen fluke, Al-
based copromicroscopy, sedimentation, coproantigen-ELISA.



Table of Contents

LIST OF TABLES......ccitiiiiiiiiiiiiiiiiiiiiiiiiisini s sasasasasssasassasssss e e e e e s e e e s e s sesesesesssssssss 6
LIST OF FIGURES.....cccottiiiiiiiiiiiiiiiiiiiiiisisisisisisssssssssssssssssssssssssssssssesesesesteeeeeeeeeeeeeeseessesesesssssses 7
ABBREVIATIONS.....ciiiiiiiiiunususassssasasaeeeetttteseereresesesesssesessssssesssssssssssssssssssssssssssssssssssnnns 8
1. INTRODUCTION......cciiiiiiiiiiiiiiiiisisisisisssss s s asasasasssss s s e e e e e s e e s e s s aasssssasanns 9
1.1 BACKGROUND ....cuveetiteentieneeteeiee st e sre et sie e e s e s e nesee e r e e e e reesnesneenesmeenaesmeennesmnennesmnens 9
1.2 EPIDEMIOLOGY AND GLOBAL DISTRIBUTION ...ceuuviriiirieiiiiiesireessreeesiteesinee e sineessneeessnneesnneas 10
13 [ alo] 01V [l Y .Y o TR 12
1.4 PROBLEM STATEMENT ...covtiteentieneeteestesnesieesreenesieseesreesnesneesnesreeneeseenreemeesnesmeesneeneesneennesnee 14
1.5 AIM AND OBJECTIVE w.uuteuvtentesutentesuteteestesseetesueensesueensesssessesssessesnsessesnsesseensesseensesseessesnsesaes 14
1.6 HYPOTHESISES ..ttiiivttiiittieiiiti sttt st a e b e e s sabe e s sba e e snba e s sarae s 15
1.7 SIGNIFICANCE OF THE STUDY ...eeeuviiteterieentesinesresinesreeresseenesseensseseesnesseesmeenesreennesmnensesanennens 15
1.8 SCOPE AND DELIMITATION ...ceeutteeiirteesireeseireessrtee st esesrtessneeessneesenneessreeessneessnneessneeennnne 16

2. LITERATURE REVIEW......cccceiiiiiiiiiiiiiiiiiiiiiiisns s sssssassssssssssssssssssases 18
21 BIOLOGY AND IMORPHOLOGY ...uvieveenrineesenieennesieesseesesseessesseessesseessesseesesseessesmeesseeneesseensenees 18
2.2 LIFE CYCLE . tttiet ittt ettt e e st e e e s s e e s s n et e e s naa e e e e e ean 18
2.3 PATHOGENESIS ..ceiiivteiiitieiitt sttt sbe s s a e s b e e s sabe e s s ba e e snra e e sanae s 20
24 DIAGNOSTIC TECHNIQUES FOR LIVER FLUKE DETECTION ..c.veeuveveenrenieereeieereeneenresneesreeneesee e e 20
2.4.1 Traditional DiagnoStic APPIOGCHES .......cc..eevueeeeeeiieieeieeteeseeet et 21

2.4.2  Advances in Diagnostic TECANOIOGIS..........cc.ueeeecuveevsiieeesiiiesiieessiieeesiesescieessiieeeas 21

2.5 COMPARATIVE STUDIES ON DIAGNOSTIC MEETHODS. ....cetiiiiiiiiiiiiiriciirecesinic s ssnne e 22
2.6 KNOWLEDGE GAPS AND RESEARCH NEEDS......cuteouerierrerrierenteeresieere et eneesneseee e sne e seee 23

3. MATERIALS AND IMIETHODS .......ccuuiiiuiiieiiiiiiieiiieiieesssassisassirasssassssassssnssssnssssassssansss 24
3.1 STUDY DESIGN. c..uetiiiiiieiiitic ittt st aa e s s b e e saa e e s snas e s sbeeesanns 24
3.1.1  Sample Collection ANd StOrQQe.............cecueeeeiereeiieeeciieeeceeesceeesteeesrtvaesieaessreeanns 24

3.1.2  SAMPIE idENEIfICALION. .....c..eeeeeeeiieiieeee ettt 25

3.1.3  Determination of INfeCtion STALUS ...........c.eeeevueeeecereesiieeecieeeieeeeceeeeecieeeeceaeesseaens 25

3.1.4  Sample processing and AlIQUOLING ............oeeeueeeeceeeeiiieeeceeescieeeseeeeteeesieaaesieaens 26

3.2 Al-BASED COPROMICROSCOPY USING OVACYTE™ FLUKE PLUS SYSTEM ..cccuvveirrieeiireeineee e 27
3.2.1 OvaCyte™ Fluke PIus SYyStem OVEIVIEW ...........cccuueeeeeeieireeieeeeeciiieeeeesiiivesseessissnsaaens 27

3.2.2  Samples preparation for Al-based cOPromicroSCOPY .........cueecvueeecvveeeviveesiiereeivnanns 28

3.2.3  OVACYLE™ ANGIYSIS ..ottt ettt 28

3.3 TRADITIONAL SEDIMENTATION ..uuvteiiurteeiirieiiirieesreeessireessrsessneeessnreessnnaeesnaeesssneesennnessreeens 29
3.3.1  Traditional sedimentation OVEIrVIEW...............coceeeeverieeseneesienienieeeneesie e 29
3.3.2  Traditional sedimentation ProCEAUIe.............cccccvcueevcieeceerieesiesieesiieeieesiee e 29

3.4 ELISA-COPROANTIGEN TEST ..vvtiiurieiiurieisietesiiieessirtessieeesnreessirtessrae e s ssnae s sanaessnaeesmnaeesanaeas 30



3.4.1 Coproantigen-ELISA PriNCiP@..........uuueeeeeeeeeeeeeeeiieeeeeeecieeteeesetteaaesssaeeaaeesssseeaae s 30

3.4.2  Coproantigen-ELISA ProCEAUIE .........c.covuieveeeeieiiesieeieesiteesieesit et 31

3.4.3 INErpretation Of RESUILS ...........oeeeceeeeeee ettt e e s aeaeesara e 31

3.5 ST ATISTICAL ANALYSIS e ieieeeueuunrrrrrrererererreeeeeeseeeeseesemeressssssssssssssssssssssseseesesesseseseesesasssssssssnns 31
3.6 ETHICAL CONSIDERATION ....cetvuueiertuieeeeeeneeeresneeesssnneeesesnaeeessssneeesssneeesssnnnsesssnnneessssneesssnnnnes 32
3.7 RISK ASSESSMENT AND SAFETY IMEASURES. ....eevvvtrtuuieeiereeeerererrnninaeeeseeeeseessssssnnnneseesesssssssssnnnns 32

4, RESULTS ... itiiieiiteireeeteitenetneeteerenernssensrescrnsssnssasesnssssssassssssssssassssssnsssnssasssnsssnssasesnsssnssanes 33
4.1 Al-BASED COPROMICROSCOPY OVACYTE™ FLUKE PLUS RESULTS .vvvvvvrrrrerereeeeereeeeeeseeessesesensnnnnnns 34
4.2 TRADITIONAL SEDIMENTATION RESULTS ..veeeeeerrrrrrusineeeeeeeeerererssssnnaeseeeesssssssssnmnneseeeesssesssssnnnns 35
4.3 ELISA-COPROANTIGEN RESULTS vvvvuuuuneeeeeeerererssssnnneseseeessesssssnsnnseesessessssssssssnnesessesssssssssnnnnn 37
4.4 STATISTICAL RESULTS . ieeeeeeuernrerrrrererereeseeeeseeessessesesasasssnssssssssssssssssssseeseeessesesessesesasannnsnns 39
4,5 COMPARISON OF ALL RESULTS tvvuuuueeeeeeeerreresrsninieeeseeesessssssssnsiesesssssssssssssnnesesessssssssssnsnnnneseens 41

5. DISCUSSION ... tuiiiiieirenireeeteirenernettecrescrnssensraserassesssessssssssssassesssnssenssasssnssenssasssnssenssnnes 42
5.1 COMPARISON BETWEEN Al-BASED, TRADITIONAL SEDIMENTATION AND ELISA TEST......vvvvvrvrereennnns 42
5.1.1  Methodological consideration affecting OVaCYte™...........ccceeveerceeeneenceeeseenieesieens 42

5.1.2  Methodological consideration affecting Sedimentation...............c..ccccueeevveeecrvnanns 43

5.1.3  Methodological consideration affecting ELISA ............ooeeoueeeeeeeeecieeeeieeesiieesiieanns 43

5.2 COMPARISON WITH PREVIOUS STUDIES....cevuututieeeeeeeeeieeerrsriiieieseeeseeresessssnneseeeeessesssssssmnnneeeens 44
5.3 IMPLICATION OF VETERINARY PRACTICE. ......ceetttritiiiiieeieeeeeererertnnieeeeseeeeeesesssssnnnnaseeeesesesssssnnnns a4
5.4 STUDY LIMITATIONS ...ceeeieieenunrtrrrrererererreeeeeeseeeeseesesesessssssssssssssssssssssssesseseeseseseesesssesssssnsnns 45

6. CONCLUSION...cuittituitenitnttnitaernetenstascrnstesstasssssssssssssssssnssssssasssnssssssnsssnssasssnsssnssasssnssans 46
REFERENCES. ... ccuttuiitittitteirencreteetreneratensraserassesseassssssassesssssssassessensessssesssnsessssesssnsssnssasssnsenns 47
POPULAR SCIENCE SUMMARY ....ccctuituirencrecracrenceaseeseressessessernssessessessssessssssssssesssnsssnssasssnsssns 56
ACKNOWLEDGEMENTS.....cuittiituiineitenitnieneetestensrnerastssssassnssasssnssssssasssnssssssasssnssssssasssnssnsssnsses 57
APPENDIX 1 ..ciiiuiieeiieiitnieeeeteerenieeeetesesiesseressessensssassessssssssssasssssessssesssssessssasssnsessssassensensssnnsen 58
APPENDIX 2 ..eiiieiiteiieiiteieeetteetenieesetesestenserassesssnserassesssassssssasssnsessssasssnsessssasssnsessssasssnsensesnnsen 59
APPENDIX 3 .. ciiiiiieniieiitniieeetententenserasssssensernssasssnsesnssssssasssnssasssnssssssasssnsessssassssssssssassansensesnsens 60
SUPPLEMENTARY TABLES.....ccuttiitiiteteireeireeresteestaesssrsssessessssssseassssssnssessssssssssenssssssnssenssanes 61



List of tables

Table 1. Agreement Analysis (Cohen's Kappa).........ccccveieeeeiiiciiiieeee e 32
Table 2. Results for three methods for F. hepatica detection. ...........cccoociiiiiiiinn 33
Table 3. Al-OvaCyte™ Fluke Plus System ReSUItS. .........cccccevviiieiiiiie e 34
Table 4. Traditional sedimentation reSults. ..o 35
Table 5. ELISA - coproantigen reSults. ..........coooiiiiiiiiii e 37



List of figures

Figure 1. Prevalence of liver fluke findings in sheep herds across 2022-2024. (Gard &
Djurhélsan,2025)  9140-FarmStat-rapporten-2024_SLUTVERSION-webb.pdf
[2026-08-07]. ..eeeeeieiieee et et e e e ettt e ettt e e e s e e e st e e s snsaeeessseeesnnseeeeanseeesnnneens 11

Figure 2. Regional differences for finding Code 80 (F. hepatica) in sheep 2020-2024 (Gard
& Dijurhalsan,2025) 9140-FarmStat-rapporten-2024 SLUTVERSION-webb.pdf

[2026-068-07]. ..eeeeeeeeieeeeeetiie et e e e ettt e e sttt e e e stee e e seteeeessssaeeessseeessssaeeeanseeesnnnaeens 12
Figure 3. Location of farm and slaughterhouses (Image created with Canva from the
prompt” Map of Sweden with samples location”, 2026). ...........cccccvveeeeeviicnneeen. 17
Figure 4. Life cycle of F.hepatica (CDC, 2019)
http://www.cdc.gov/dpdx/fascioliasis/index.html, [2026-03-08].............ccceeuvee.. 19

Figure 5. Sample preparetion for the OvaCyte Fluke Plus: a), b) filtration; c) filled cassette;
d) analysing process [Suliman L,2026-01-23]........cccccereeriiiiiieeee e 28

Figure 6. Traditional sedimentation for the detection of F. hepatica eggs, washing process
[Suliman L,2026-01-26]. .......eorrieirieiiee ettt 30

Figure 7. Detection by OvaCyte™ Fluke Plus in a:) F. hepatica and Paramphistomum spp.
eggs in cattle [OvaCyte, 2026-04-01] and b) F. hepatica eggs in sheep [OvaCyte,
2026-04-20]. ..ereeeieie et 35

Figure 8. Fasciola hepatica egg detected by traditional sedimentation [Suliman L., 2026-

Figure 9. Paramphistomum spp. egg detected by traditional sedimentation [Suliman L.,
202 2 SRS 36

Figure 10. Presence of F. hepatica coproantigens (blue colour) in cattle faeces. [Suliman
L.y 2026-04-T5]. .uteiitiieiiieeeiee ettt 38

Figure 11. Presence of F. hepatica coproantigens (blue colour) in sheep faeces. [Suliman
02 G R 01 T 1 | RSP RR 38

Figure 12. Detection rates of the three diagnostic methods among animals with confirmed
or strongly suspected infection (R Core Team, 2022). https://www.R-project.org/
[2026-05-18]. ..eeeieeeeeee ettt e et e et e st e e ee e e te e e ae e e neeeenae e e enteeeneeaneeen 39

Figure 13. The range of egg counts in positive samples (R Core Team, 2022).
https://www.R-project.org/ [2026-05-18].......ccceeuriiireeeeieiieiee e 40

Figure 14. Level of agreement between the methods (R Core Team, 2022). https://www.R-
Project.org/ [2026-05-18]. .....cccuiiieiiiie et 41



Abbreviations

Al — Artificial Intelligence

Bio-X — Bio-X Diagnostics

ELISA — Enzyme-Linked Immunosorbent Assay
EPG — Eggs Per Gram

Fh — Fasciola hepatica

K — Kappa (Cohen's kappa coefficient)
N — Negative (slaughter code)

OC - OvaCyte

OD — Optical Density
Ps-Paraphistomus spp.

P — Positive

TMB — Tetramethylbenzidine

QC — Quality Control



1. Introduction

1.1 Background

Parasitic infections remain among the most significant challenges facing
livestock production systems globally, significantly impacting animal health,
welfare, and agricultural productivity (Charlier et al., 2014). Fasciolosis is
classified as an anthropozoonosis, affecting both animals and humans (Mas-Coma
et al.,, 2009; Mehmood et al., 2017). The disease is primarily transmitted by
herbivorous livestock through the excretion of parasite eggs in faeces (Caravedo
and Cabada, 2020). Although ruminants are the main definitive hosts, Fasciola
hepatica has also been reported in a wide range of other mammalian species,
including equids (horses), rodents, lagomorphs, carnivores, and humans (Boray,
1969; Mas-Coma et al., 2009; Valero et al., 2002; Tanabe et al., 2024; Kronenberg
et al., 2025).

Among the numerous parasitic infections of ruminants, fascioliasis, caused by
the liver fluke Fasciola hepatica, is a large leaf-shaped flatworm found in temperate
countries worldwide and mainly infecting sheep, cattle and other grazing animals
(Mehmood et al., 2017). A major obstacle to efficient livestock production in both
temperate and tropical regions, this parasite can reach prevalence rates exceeding
80% in cattle in some endemic areas (Beesley et al., 2018).

Fasciola hepatica, commonly known as the liver fluke, belongs to the class
Trematoda within the phylum Platyhelminthes. Together with tropical counterpart
Fasciola gigantica, it causes fasciolosis, a disease of significant veterinary
importance (Dalton, 2021). The parasite has a complex, indirect life cycle that
requires two hosts: a definitive mammalian host (typically ruminants) and an
intermediate snail host (primarily lymnaeid species such as Galba truncatula in
Europe) (Andrews, 1999, cited in Dalton, 2021; Véazquez Perera et al., 2019,
Novobilsky et.al, 2014) .

In addition to F. hepatica, faecal samples were examined for Paramphistomum
spp. (rumen fluke). While adult rumen flukes are generally non-pathogenic, the
immature stages cause severe inflammation of the small intestine, leading to
diarrhea, weight loss, and death in young animals (Gordon et al., 2013). The
primary rumen fluke species affecting European livestock is Calicophron daubneyi
(Fenemore et al., 2021).

Over the past three decades, paramphistomosis has emerged as a significant
parasitic disease across Europe (Gordon et al., 2013). Calicophron daubneyi has
spread rapidly, reaching high prevalence in the United Kingdom, Ireland, France,
Spain, and the Netherlands (Gordon et al., 2013).



Mixed infections with F. hepatica and rumen flukes are common, as both
parasites share the same snail intermediate host, Galba truncatula (Jones et al.,
2015). Diagnosis is based on egg detection using sedimentation, though eggs are
morphologically similar to those of F. hepatica but are colourless rather than
golden-yellow. Treatment options are limited, as triclabendazole — the drug of
choice for F. hepatica — is ineffective against paramphistomes (Gordon et al.,
2013).

1.2 Epidemiology and Global Distribution

Fasciolosis occurs worldwide and has been reported on all continents except
Antarctica, with distribution patterns varying depending on climatic conditions,
availability of intermediate hosts, and agricultural practices (Mehmood et al., 2017,
Dalton, 2021). The epidemiology of the parasite is closely linked to environmental
factors, particularly humidity and temperature, which influence both the free-living
stages of the parasite and the population dynamics of its intermediate host (Beesley
et al., 2018).

A global review by Mehmood et al. (2017) found that the prevalence of bovine
fascioliasis varied significantly by geographic region, ranging from 1.2% to 91.0%
in Africa, 3.0% to 66.7% in the Americas, 0.71% to 69.2% in Asia, 26.5% to 81.0%
in Oceania, and 0.12% to 86.0% in Europe. A global meta-analysis by Lan et al.
(2024), which reviewed 371 studies covering approximately 57.9 million cattle,
estimated the pooled global prevalence of bovine fasciolosis at 17%, while ovine
fasciolosis was estimated at 13% based on data from 37.4 million sheep (Lan et al.,
2024). In sheep, fasciolosis is often more acute and severe than in cattle, reflecting
the greater susceptibility of sheep to the pathogenic effects of migrating juvenile
flukes (Boray, 1969; Behm and Sangster, 1999). More recent country-specific
studies using sedimentation have reported prevalences of 29% in Nigerian cattle
(Agbajelola et al., 2025), 17% in Chinese cattle (Lan et al., 2025), 25% in Iranian
cattle (Hoseini et al., 2025), and up to 70% in highland Peru (Cueva-Rodriguez et
al., 2024). In sheep, sedimentation-based studies have reported rates ranging from
13% in the Ethiopian highlands to 62% in parts of South America (Mehmood et al.,
2017; Lan et al., 2024).

In Europe, the prevalence of F. hepatica detected by sedimentation varies
considerably between countries. A study in Austria reported a prevalence of 28.5%
in dairy cows (Schoiswohl, 2025), while a recent survey in north-western Spain
found a prevalence of 51.2% in cattle (Gonzalez-Warleta et al., 2025). In sheep
from north-western Spain, prevalence as high as 51.2% has been reported using
sedimentation (Gonzalez-Warleta et al., 2025). In Poland, the prevalence detected
in goats was very low (0.5%), reflecting the species' browsing behaviour
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(Mickiewicz et al., 2024). In the United Kingdom, sedimentation-based surveys
have reported ovine fasciolosis prevalence ranging from 5% to 30%, depending on
region and season (Gordon et al., 2013; Jones et al., 2017).

According to a serological survey using ELISA, the prevalence of F. hepatica in
Swedish cattle herds is 9.8%, although complete prevalence data based on faecal
sediment analysis are still lacking (Novobilsky et al., 2015). Serological surveys in
Swedish sheep have suggested that fasciolosis is present in many flocks, but
specific sedimentation-based data are lacking (Novobilsky et al., 2015). A 2020
Swedish study reported within-herd F. hepatica prevalence ranging from 27% to
85% in dairy herds, with untreated infected cows showing significantly reduced
milk yield (Novobilsky et al., 2020). In Swedish sheep, comprehensive economic
data are lacking; however, serological surveys suggest that fasciolosis is
widespread, and production losses due to reduced weight gain and poor fertility are
likely significant (Novobilsky et al., 2015). Recent data from the FarmStat report
further indicate that liver fluke infections continue to occur in Swedish sheep
flocks, with regional variation and higher occurrence in south-western Sweden and
Vistra Gotaland (Gard & Djurhélsan, 2025).

35%

32%

30%

28%

25%

20%
20%

W 2022
m 2023

15%
2024

6%
5%
5%
0% - - ~ ~ = e
Fasciola hepatica Dicrocoelium dendriticum

Figure 1. Prevalence of liver fluke findings in sheep herds across 2022-2024. (Gdrd &
Djurhdlsan,2025) 9140-FarmStat-rapporten-2024_SLUTVERSION-webb.pdf [2026-06-
07].
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Figure 2. Regional differences for finding Code 80 (F. hepatica) in sheep 2020-2024
(Gdrd & Djurhdlsan,2025) 9140-FarmStat-rapporten-2024_SLUTVERSION-webb.pdf
[2026-06-07].

It i1s important to note that prevalence estimates are highly dependent on the
diagnostic method used, with sedimentation generally having lower sensitivity than
indirect serological tests due to the long pre-patent period and intermittent egg
shedding (Charlier et al., 2008). Therefore, prevalence figures based on
sedimentation likely underestimate the true infection rate. Furthermore, the
sensitivity of sedimentation in sheep is generally higher than in cattle because sheep
tend to shed more eggs per gram of faeces, reflecting their higher susceptibility and
fluke burden (Boray, 1969). Climate change has been associated with the spread of
fasciolosis to previously unaffected areas, as milder winters and increased
precipitation create favourable conditions for disease transmission at higher
latitudes and altitudes (Beesley et al., 2018).

1.3 Economic impact

The economic consequences of fasciolosis in livestock production are
substantial and multifaceted. Globally, annual losses to the livestock industry are
estimated to exceed 3 billion US dollars (Mehmood et al., 2017). These losses
include direct impacts such as mortality, liver condemnation, reduced weight gain,
decreased milk yield, and impaired reproduction, as well as indirect costs including
anthelmintic treatments, veterinary services, and control measures (Charlier et al.,
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2020). In sheep, economic losses are particularly severe due to higher mortality
rates during acute fasciolosis, with reported case fatality rates of up to 10-20% in
heavily infected flocks (Boray, 1969; Behm and Sangster, 1999).

In Europe, annual losses are estimated at €52 million in Switzerland (Schweizer
et al., 2005), and £23 million in the United Kindom (UK) (Bennett and [jpelaar,
2005). Ovine fasciolosis costs the UK sheep industry an estimated £10—15 million
each year, mainly from liver condemnation, reduced weight gain, and mortality
(Gordon et al., 2013). Selective flukicide treatment of non-lactating cows in
Swedish dairy herds resulted in a significant increase in milk production of
approximately 1 kg per cow per day in the subsequent lactation, highlighting the
substantial production losses caused by subclinical infections (Novobilsky et al.,
2020). These Swedish findings align with the broader European context, where
fasciolosis remains a major constraint to efficient cattle production despite
advances in diagnostic methods (Charlier et al., 2013). In sheep, fasciolosis
continues to cause significant economic losses across Europe, with prevalence rates
in some regions exceeding 10% and annual liver condemnation costs amounting to
millions of euros (Khoramian et al., 2024; Fennouh et al., 2025). A European-wide
assessment estimated the combined annual cost of helminth infections, including
fasciolosis, at €1.8 billion across 18 participating countries, with 81% attributed to
production losses (Charlier et al., 2020). Ovine fasciolosis was estimated to account
for approximately 15% of total helminth-related losses in sheep across Europe
(Charlier et al., 2020).

In Asia, China experiences annual losses exceeding 200 million US dollars (Lan
etal., 2025). In sheep from China, prevalence studies have reported rates of 5-20%,
with corresponding economic losses due to reduced meat production and liver
condemnation (Lan et al., 2024).

In Australia, annual losses due to F. hepatica in livestock are estimated at 50—
80 million Australian dollars, with an additional 10 million dollars spent on
treatments (Tran et al., 2022). In sheep, the percentage of carcases with liver fluke
nearly doubled between 2020/21 and 2022/23, from 0.5% to 0.9%, with
approximately 15% of Australian flocks considered at high or moderate risk
(Animal Health Australia, 2024).

In Russia, annual losses from fasciolosis in cattle are estimated at approximately
20 million US dollars, primarily due to liver condemnation and reduced
productivity (Gorokhov et al., 2019). In sheep from southern Russia, prevalence
varies from 45% to 80% in wetland pastures and reaches 70—83% in mountainous
areas, with each infected animal losing 6.5-9.7 kg in body weight and up to 20%
of its annual wool production (Kabardiev et al., 2024).

In the Americas, the United States (US) faces losses of approximately 50 million
US dollars annually (UpToDate, 2025), while Argentina and Brazil report annual
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losses of 80 million and 60 million US dollars, respectively (Strydom et al., 2023;
Molento et al., 2018). In South America, ovine fasciolosis is particularly
problematic in the Andean highlands, where prevalence in sheep can exceed 50%,

results in substantial economic losses for smallholder farmers (Cueva-Rodriguez et
al., 2024).

1.4 Problem Statement

Despite the availability of several diagnostic methods for detecting Fasciola
hepatica, significant knowledge gaps remain regarding their relative performance
in the field (Charlier et al., 2020). Direct comparative studies evaluating traditional
sedimentation, Al-based copromicroscopy, and coproantigen ELISA on the same
faecal samples are limited (Beesley et al., 2018; Fellander et al., 2026). In parallel,
automated image-based diagnostic approaches, including artificial intelligence
(AI), are being explored in parasitology, for example through systems such as
VETSCAN IMAGYST, which uses digital image processing and algorithmic
analysis to detect parasites (Nagamori et al., 2020). However, to date, no published
studies have specifically evaluated Al-based systems for the detection of F.
hepatica. This represents a critical knowledge gap and highlights the need to
investigate whether such approaches could complement or enhance existing
diagnostic methods in field-based surveillance.

This study addresses these knowledge gaps by comparing three diagnostic
methods—conventional sedimentation, Al-based copromicroscopy (OvaCyte™
Fluke Plus), and a commercial coproantigen ELISA—using faecal samples from
ruminants (cattle and sheep) in Sweden. Information on the presence of infection
was obtained either by visual inspection at the slaughterhouse or from previous
farm records of infection.

1.5 Aim and Objective

The primary aim of this master's thesis is to evaluate and compare the diagnostic
performance of three methods for detecting F. hepatica infection in cattle faeces as
described in section “Materials and Methods”.

Specific objectives:

1. Conduct on 47 faecal samples from cattle and 23 from sheep and
record the presence and number of F. hepatica eggs, by:

a. Traditional sedimentation;

b. Al-based copromicroscopy using OvaCyte™ Fluke Plus;
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c. Coproantigen ELISA (Bio K 201/2).
2. Compare the results obtained using the three diagnostic methods and
assess their agreement.
3. Provide evidence-based recommendations for the choice of method
in various diagnostic contexts.

1.6 Hypothesises

Null Hypothesis (Ho): There is no significant difference in sensitivity between
traditional sedimentation, Al-based copromicroscopy (OvaCyte™), and
coproantigen-ELISA for detecting F. hepatica infection in cattle.

Alternative Hypotheses:

Hypothesisi: Coproantigen-ELISA demonstrates greater sensitivity than both
egg-detection methods, particularly for detecting low-intensity infections and
infections during the pre-patent period (Mezo et al., 2004; Charlier et al., 2008).

Hypothesisz: Al-based copromicroscopy (OvaCyte™) shows sensitivity that is
not inferior to traditional sedimentation for detecting F. hepatica eggs, while
reduced analysis time. However, its relative sensitivity may vary from higher to
lower depending on infection intensity.

Hypothesiss: There is moderate to substantial agreement between traditional
sedimentation and Al-based copromicroscopy, as both methods detect parasite eggs
(Charlier et al., 2008).

Hypothesiss: Traditional sedimentation detects more positive samples than Al-
based copromicroscopy, particularly in samples with low egg counts.

Hypothesiss: All three methods yield positive results in samples from animals
known to have liver fluke infection based on visual observation at slaughter or
veterinary communication.

1.7 Significance of the Study

This study adds to the evidence base for selecting diagnostic methods in
veterinary practice. Understanding the strengths and limitations of each method
enables more accurate interpretation of test results and more informed clinical
decisions (Charlier et al., 2020). From a technological perspective, evaluating an
automated Al-based system supports the development of an evidence base for new
digital diagnostic methods in veterinary parasitology (Nagamori et al., 2020). From
an agricultural perspective, improved diagnostics for fasciolosis support more
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effective disease control, reduced production losses, and increased sustainability of
livestock farms (Mehmood et al., 2017).

1.8 Scope and Delimitation

This study focuses on detecting F. hepatica in cattle and sheep faeces, using 70
faecal samples collected from four sources in Sweden (Figure 3):

1) Nérkes slakteri, Géllersta (cattle, n=8),

i1) Bredaryd farm (cattle, n=19),

iil) Dahlberg slakteri, Bralanda (cattle, n=6),

iv) Varekils slakteri AB (cattle n=15; sheep n=23).

Reference information on infection status was obtained through visual inspection
and communication with the farmer or veterinarians present at the slaughter.
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2. Literature review

2.1 Biology and Morphology

Fasciola hepatica is a digenetic trematode belonging to the class Trematoda
within the phylum Platyhelminthes (Dalton, 2021). The adult fluke is leaf shaped,
flat, and measures 20—30 mm in length and 8—13 mm in width (Andrews, 1999). In
sheep, adult flukes tend to grow larger than those in cattle, although egg production
per fluke is lower (Valero et al., 2001). The anterior end features a conical
projection bearing the oral sucker. The ventral sucker, is located mid-ventrally. The
entire body surface is covered with tiny spines, which help the fluke attach to the
bile ducts of its host, (Mas-Coma et al., 2009).

The fluke has a simple digestive system with a mouth, pharynx, oesophagus, and
two highly branched tubes (caeca) that extend almost to the posterior end of the
body (Andrews, 1999). It eliminates waste through a system of specialised flame
cells. Its nervous system consists of a pair of cerebral ganglia and nerve cords
running along the body (Dalton, 2021).

F. hepatica is hermaphroditic, meaning each individual possesses both male and
female reproductive organs. The male system has two branched testes in the middle
of the body, while the female system has a single branched ovary towards the
anterior end, along with vitelline glands that produce yolk for the eggs (Mas-Coma
et al., 2009). Flukes can self-fertilise or mate with each other (Andrews, 1999).
Sheep do not develop acquired resistance to reinfection, whereas cattle develop
resistance after 5—6 months of infection, contributing to higher fluke burdens in
sheep (Behm and Sangster, 1999).

The eggs are oval, golden-yellow, and have a small lid (operculum). They
measure about 130—150 um in length and 70-90 um in width (Andrews, 1999).
Because F. hepatica is the same parasite species in both sheep and cattle, eggs from
the two hosts are morphologically indistinguishable by routine microscopy (Valero
et al., 2001). The eggs are passed out with the host's faeces and must develop in
water before they hatch (Dalton, 2021).

2.2 Life cycle

The life cycle of F. hepatica (Figure 4) involves alternation of generations and
a change of host species (Mas-Coma et al., 2009). The hermaphroditic adult stage
is a generalist and parasitises a wide range of domestic and wild mammal, which
serve as definitive hosts. In sheep, the acute phase of fasciolosis caused by
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migrating juvenile flukes is more severe and often fatal, whereas cattle develop
chronic, subclinical infections (Boray, 1969; Behm and Sangster, 1999).

Fertilised eggs are excreted in faeces and, under suitable conditions of warmth
and moisture, develop into free-swimming miracidia, which penetrate a suitable
snail intermediate host (Andrews, 1999). The same snail species, Galba truncatula,
serves as the intermediate host for both cattle and sheep (Mas-Coma et al.). Inside
the snail, the parasite undergoes asexual reproduction through sporocyst, redia, and
cercaria stages. Mature cercariae emerge from the snail and encyst on aquatic
vegetation as metacercariae, the infective stage for the definitive host (Dalton,
2021). After ingestion, metacercariae excyst in the small intestine, penetrate the
intestinal wall, migrate through the peritoneal cavity, and burrow through the liver
parenchyma before establishing in the bile ducts, where they mature into adult
flukes and begin egg production (Mas-Coma et al., 2009). The prepatent period
(time from infection to egg shedding) is 8—10 weeks in both cattle and sheep, but
clinical signs appear earlier in sheep due to higher susceptibility to tissue damage
(Boray, 1969; Andrews, 1999).
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Figure 4. Life cycle of F.hepatica (CDC, 2019)
http://www.cdc.gov/dpdx/fascioliasis/index.html, [2026-03-08].
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Skrjabin and Schulz (1935) proposed dividing the developmental cycle into four
periods, which are described in Table S1.

2.3 Pathogenesis

The pathogenesis of fascioliasis is generally divided into two distinct phases: the
acute migratory phase and the chronic biliary phase (Tanabe et al., 2024). The
severity of both phases is highly dependent on the dose of metacercarial infection.
During the acute phase, newly hatched larvae penetrate the intestinal wall, migrate
through the abdominal cavity, and invade the liver parenchyma, causing extensive
mechanical tissue destruction. Tissue damage occurs through three main
mechanisms: the action of proteolytic enzymes secreted by the parasites, the host
immune response to the parasite's excretory/secretory products and tegument, and
the mechanical impact of the migrating parasites (Tanabe et al., 2024). In sheep,
acute fasciolosis can cause sudden death due to massive liver haemorrhage, with
mortality rates reaching 12% in heavily infected flocks (Nikpay et al., 2025).
During the acute phase, infected sheep show significant elevation of liver enzymes
(AST), reflecting extensive hepatic tissue damage (Nikpay et al., 2025).

The chronic phase begins when the flukes establish themselves in the bile ducts,
typically 8-10 weeks after infection, causing progressive cholangitis, periductal
fibrosis, and bile duct epithelial hyperplasia (Tanabe et al., 2024). Chronic
infections are associated with progressive weight loss, reduced milk production,
impaired fertility, and increased susceptibility to comorbidities (Charlier et al.,
2013). In sheep, chronic fasciolosis leads to reduced wool quality and weight loss,
with economic losses per infected animal being substantial (Khoramian et al., 2024;
Mariko et al., 2025).

2.4 Diagnostic Techniques for Liver Fluke Detection

Accurate and timely diagnosis of F. hepatica infection is essential for effective
disease management, guiding decisions on treatment, control strategies, and
surveillance programmes (Charlier et al., 2008; Dalton, 2021). However,
diagnosing fascioliasis presents several challenges. Clinical signs are nonspecific,
and the relationship between fluke burden and production losses is complex, with
even subclinical infections causing economically significant productivity losses
(Charlier et al., 2009). In this thesis focus is on direct methods for the detection
flukes in ruminant faeces.
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In Swedish slaughterhouses, liver findings are classified using specific codes
that provide valuable information about parasite status. Code 79/80 indicate that
adult F. hepatica (large liver fluke) has been found in the liver at slaughter,
confirming patent infection (Lindqvist, 2019).

While codes 83/84 (liver parasite infection) and 87/88 (other liver infections)
were not classified as positive, they may reflect previous infections (Lindqvist
Frisk, 2019). This conservative approach means that some low-intensity or larval
infections may be misclassified as negative, but it increases the reliability of
diagnostic accuracy estimates (Rapsch et al., 2006).

2.4.1 Traditional Diagnostic Approaches

Historically, direct diagnosis of fasciolosis on farms has relied heavily on
detecting parasite eggs in stool samples using sedimentation methods (Rapsch et
al., 2006). These methods exploit the differences in density between parasite eggs
and faecal debris, allowing for the eggs to be concentrated and visualized under a
microscope. The main advantage of sedimentation is its high specificity: when eggs
are detected and correctly identified by experienced microscopists, a definitive
diagnosis of overt infection can be made (Charlier et al., 2008; Rapsch et al., 2006).

Despite these advantages, sedimentation has several well-documented
limitations. Its sensitivity varies widely, with reported values ranging from 43% to
81% depending on infection intensity, sample size, stage of infection, and examiner
skill (Rapsch et al., 2006; Charlier et al., 2008; Mazeri et al., 2016). Additionally,
sedimentation is time-consuming, requiring approximately 45 minutes of passive
waiting for sedimentation steps plus active work time for each sample (Rapsch et
al., 2006). During the prepatent period, that lasts 8-10 weeks after ingestion of
metacercariae, infected animals do not lay eggs and invariably test negative by
sedimentation (Andrews, 1999). Even during the patent period, egg laying may be
intermittent, and animals with low fluke burdens may lay eggs in numbers below
detection limits (Charlier et al., 2008).

2.4.2 Advances in Diagnostic Technologies

In response to the limitations of traditional copromicroscopy, two main
categories of alternative diagnostic methods have emerged: immunodiagnostic tests
and automated image analysis systems (Charlier et al., 2020).

Coproantigen ELISA detects parasite antigens—specifically, cathepsin L
protease—excreted in the faeces of infected animals (Mezo et al., 2004). Unlike
egg detection, coproantigen ELISA enables detection of infections during the
prepatent period, with positive results as early as 4-5 weeks after infection, a
correlation between antigen levels and fluke burden, and minimal inter-observer
variability (Mezo et al., 2004; Charlier et al., 2008). The Bio K 201/2 F. hepatica
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Antigen ELISA kit (Bio-X Diagnostics, Belgium) is specifically designed for this
purpose and uses an indirect sandwich format with biotin-streptavidin amplification
(Bio-X Diagnostics, 2025). Studies report sensitivities of 77-94% and specificities
exceeding 95% (Mezo et al., 2004; Charlier et al., 2008; Mazeri et al., 2016).

Al-based copromicroscopy. Automated image-analysis systems are an
emerging technology in diagnostic parasitology (Holmstrom et al., 2017). The
OvaCyte™ Fluke Plus system combines digital microscopy with artificial
intelligence algorithms to automatically identify and quantify parasite eggs
(OvaCyte, 2025). The system captures multiple images per sample, processes them
using deep learning algorithms trained on thousands of egg images, and provides
quantitative results with minimal operator intervention. Evaluations in human
parasitology have shown sensitivities comparable to those of expert microscopists
with significantly reduced analysis time (Holmstrom et al., 2017).

2.5 Comparative Studies on Diagnostic Methods

Several studies have compared diagnostic methods for detecting F. hepatica.
Charlier et al. (2008) compared the sedimentation method and coproantigen ELISA,
finding that coproantigen ELISA had significantly higher sensitivity (94% versus
43-64%). In sheep, similar trends have been observed: coproantigen ELISA
demonstrated higher sensitivity (86—94%) compared to sedimentation (50—70%)
for detecting F. hepatica in ovine faecal samples (Mezo et al., 2004; Rehbein et al.,
2011).

Mazeri et al. (2016) evaluated five diagnostic tests using Bayesian analysis,
reporting that the sensitivity of the sedimentation method varied by season (0.58—
0.81), while the sensitivity of coproantigen ELISA remained stable (0.77). Seasonal
variability in sedimentation sensitivity has also been documented in sheep, with
lower detection rates during winter months when egg shedding is reduced (Gordon
et al., 2013).

Palmer et al. (2014) reported a coproantigen ELISA sensitivity of 80% and
specificity of 100%, compared with 70% and 80% for the sedimentation method.

In sheep, a study by Kajugu et al. (2015) reported that coproantigen ELISA had
100% specificity and showed no cross-reactivity with other parasites commonly
found in sheep, including Paramphistomum spp.

However, only a limited number of studies have directly compared the
traditional sedimentation method with automated Al-based systems for the
detection of F. hepatica in cattle (Nagamori et al., 2020). Validation of Al-based
copromicroscopy in sheep is even more limited, although recent studies have
demonstrated promising results for automated detection of F. hepatica and
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Calicophoron daubneyi eggs through deep learning approaches (Capuozzo et al.,
2025).

2.6 Knowledge Gaps and Research Needs

Despite these advances, knowledge gaps remain regarding the comparative
performance of traditional sedimentation, Al-based copromicroscopy, and
coproantigen ELISA for detecting flukes using the same animal samples (Beesley
et al., 2018). Field validation of Al-based systems is necessary before their
widespread adoption (Nagamori et al., 2020). This study addresses these gaps by
comparing the three methods using cattle samples from Sweden.
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3. Materials and Methods

3.1 Study Design

This study was designed as a comparative diagnostic evaluation of three index
tests: 1) traditional sedimentation, ii) Al-based copromicroscopy (OvaCyte™ Fluke
Plus), and ii1) coproantigen-ELISA - for detecting F. hepatica in ruminant faecal
samples. It is a diagnostic test validation study comparing these three index tests
against a gold reference standard (liver pathology examination upon meat
inspection).

The study followed STARD (Standards for Reporting Diagnostic Accuracy
Studies) recommendations for study design and presentation of results where
applicable (Bossuyt et al., 2015). Laboratory analyses were conducted in the
Parasitology Laboratory at the Department of Animal Biosciences, Swedish
University of Agricultural Sciences.

Samples were collected at four locations in Sweden (Figure 3) between A)
Gillersta slaughterhouse, B) Bredaryd farm, C) Dahlberg slaughterhouse, and D)
Varekils slaughterhouse between January and April 2026.

All slaughterhouse samples had liver inspection data available. The Bredaryd
farm samples were collected directly from the farm and were not obtained from
slaughter, but the farm had historical records of liver fluke problems.

For slaughterhouse samples (Gillersta, Dahlbergs, Varekils), the inclusion
criterion was the availability of liver inspection data (slaughter code 80 or N). For
farm samples (Bredaryd), the inclusion criterion was a documented history of
repeated slaughter code 79/80 from previous meat inspections.

The study focused on comparing diagnostic methods across naturally infected
animals regardless of production type or age, as these factors were not expected to
affect the relative performance of the tests. No systematic data on age or production
type were collected.

3.1.1 Sample Collection and Storage

All samples were transported to the laboratory under refrigeration (4°C)
immediately after collection and processed according to the dates detailed in Table
S2. OvaCyte™ analysis was performed within 24 hours for the first batch and
within 3-8 days for subsequent samples. Traditional sedimentation was performed
within 4-9 days of collection, depending on the batch. For coproantigen-ELISA,
faecal samples were stored at —20°C and analysed in a single batch to ensure
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consistency. Although prompt processing is ideal for optimal egg recovery,
refrigeration at 4°C preserves egg morphology and antigen integrity for several
days (Charlier et al., 2008) and freezing at —20°C maintains coproantigen stability
for extended periods (Bio-X Diagnostics, 2025).

3.1.2 Sample identification

A total of 70 faecal samples were collected, each assigned a unique number (1-
70) with corresponding animal identification numbers (Table S2).

For two animals from Bredaryd farm (samples 1383-7 and 1402-5), the
individual faecal samples were too small to allow separate analysis by all three
diagnostic methods. Therefore, these two samples were pooled (mixed together) to
create a single representative sample (sample 19), which was then analysed by
sedimentation, OvaCyte™, and ELISA.

3.1.3 Determination of Infection Status

The infection rate of the animals was determined as follows, depending on the
source of the samples:

A) Gillersta slaughterhouse (1-8);

The infection status was determined by visual examination of the liver the
slaughterhouse veterinarians. The following slaughterhouse codes were recorded:
- Slaughterhouse code "80" indicates the presence of trematodes in the liver and the
culling of the liver due to visible invasion by flukes (Jordbruksverket, 2019).
Samples with this code (samples 4, 5, 6, 8) showed visible signs of F. hepatica
infection in the liver, including fibrosis of the bile ducts, thickening, or the presence
of adult flukes.

- Slaughterhouse code "N" indicates no visible signs of infection. The samples
with this code (samples 1, 2, 3, 7) contained a liver that appeared normal upon post-
mortem inspection and was approved for human consumption.

Visual examination of the liver is a standard method used in slaughterhouses to
detect fascioliasis and has been employed in numerous diagnostic studies (Rapsch
et al., 2006; Charlier et al., 2008; Mazeri et al., 2016). Although this method can
detect moderate to high-severity infections, it may not identify low-intensity
infections when the number of flukes is insufficient to cause serious pathological
changes (Rapsch et al., 2006).

B) Bredaryd farm (9-27);
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For the Bredaryd farm samples, infection status was determined through verbal
communication with the owner, who had participated in a previous liver fluke
research project in collaboration with the Swedish University of Agricultural
Sciences (SLU).

It should be noted that although infection at the farm level has been confirmed,
the status of individual animals and the intensity of infection may vary. The
detection rates observed in these groups probably reflect the known limitations of
egg detection methods, including periodic egg laying, low fluke burden, and the
presence of infections that occurred before patency (Rapsch et al., 2006; Charlier
et al., 2008).

C) Dahlberg slaughterhouse (28-33);

In the samples collected at the Dahlberg slaughterhouse, the infectious status
was determined by visual examination of the liver by slaughterhouse veterinarians
during slaughter. All the samples from the Dahlberg farm had the slaughter code
"80", indicating:

- visible signs of liver damage caused by F. hepatica;
- liver culling due to fluke infestation (Jordbruksverket, 2019).

As with the samples from Gillersta, visual inspection at slaughter provides
convincing evidence of infection, but may not detect low-intensity infections
(Rapsch et al., 2006). All six samples from Dahlbergs farm originated from animals
with visibly infected livers, making this group particularly valuable for evaluating
diagnostic test performance in confirmed moderate to severe infections.

D) Varekils slaughtherhouse (34-70).

As in the other slaughterhouses, samples with fluke positive status (code
“79/80”) were confirmed by the slaughter veterinarian and collected from the
intestines after slaughter. According to the veterinarian, all animals from which
samples 34-70 were collected showed visible signs of F. hepatica infection in the
liver at slaughter. The veterinarian confirmed the presence of adult flukes and/or
typical pathological changes, including bile duct fibrosis and thickening, indicative
of chronic fasciolosis (Shirai et al., 2006).

3.1.4 Sample processing and Aliquoting

Upon arrival at the laboratory, each faecal sample was thoroughly mixed and
divided into three aliquots for parallel analysis:
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. Aliquot A: for traditional sedimentation analysis (stored at 4°C,
processed within 24 hours),

J Aliquot B: for the OvaCyte™ Fluke Plus assay (stored at 4°C,
processed within 24-48 hours),

J Aliquot C: for coproantigen ELISA (stored at -20°C for batch
analysis).

To ensure blinding of the results of other tests, each diagnostic test was
preformed uisng sample coding (Rapsch et al., 2006).

3.2 Al-based Copromicroscopy Using OvaCyte™
Fluke Plus System

3.2.1 OvaCyte™ Fluke Plus System Overview

The OvaCyte™ Fluke Plus System is a specialised application of the standard
OvaCyte platform, designed for the automated detection and quantification of liver
flukes (F. hepatica) and rumen flukes (Paraphistomum spp.) in grazing animals.
According to Telenostic (2026), the core OvaCyte technology is a "patent-
protected, breakthrough parasite egg recovery platform" that uses artificial
intelligence (AI) and digital analysis to automate copromicroscopy (the detection
of parasite eggs in faeces) (Telenostic, 2026). The Fluke Plus system adapts this
technology specifically for fluke eggs, which are denser than standard nematode
eggs and therefore require a different flotation method (OvaCyte, 2025). The
system provides a complete, point-of-care parasitic analysis, requiring
approximately two minutes of user hands-on time for sample preparation and
loading. After loading, the process is fully automated, and results are delivered
directly to the device and a web application, facilitating targeted treatment decisions
(Telenostic, 2026).
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3.2.2 Samples preparation for Al-based copromicroscopy

Sample preparation for OvaCyte™ analysis (Figure 5) was performed according
to the manufacturer's "Fluke Sample Preparation for F. hepatica &
Paramphistomum spp." protocol (OvaCyte, 2025), (Appendix 1).

AL T

Figure 5. Sample preparetion for the OvaCyte Fluke Plus: a), b) filtration, c) filled
cassette; d) analysing process [Suliman L,2026-01-23]

3.2.3 OvaCyte™ Analysis

OvaCyte™ analysis was performed on all samples within 1-8 days of collection,
with analysis dates documented in the laboratory records (Table S3).

After the prepared sample filtrate is loaded into the OvaCyte cassette, the
analysis is fully automated by the OvaCyte instrument and its artificial intelligence
software (OvaCyte, 2025). According to Telenostic (2026), the system uses a
"world-class image reference library" to provide reliable and accurate automated
parasite identification. It performs a Faecal Egg Count (FEC) for a wide range of
parasites, specifically including fluke eggs (F.hepatica and Paraphistomum spp.)
when using the Fluke Plus protocol. The Al analyses digital images of the cassette
chamber, identifying and counting parasite eggs based on their morphology. The
results are then delivered directly to the device and web application" for seamless
interpretation by the user, enabling rapid, targeted treatment decisions at the point
of care (Telenostic, 2026).
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3.3 Traditional Sedimentation

3.3.1 Traditional sedimentation Overview

Traditional sedimentation is a copromicroscopic technique used for the isolation
and identification of high-density parasite eggs, particularly those of liver and
rumen flukes. Unlike flotation methods, which use high-specific-gravity solutions
to float lighter nematode eggs, sedimentation relies on gravity to allow denser eggs
to sink to the bottom of a liquid medium, typically water (Rapsch et al., 2006).

The principle of this technique is that helminth eggs, especially those of
trematodes (flukes), have a higher specific gravity than common flotation solutions.
When a faecal suspension is left undisturbed, these dense eggs gradually settle to
the bottom of the container, while lighter debris remains suspended or floats. The
supernatant is then removed, and the sediment is examined microscopically for the
presence of eggs (Charlier et al., 2008).

The advantages of this method are its simplicity and low cost, as it requires no
specialised equipment or chemical flotation solutions (Centers for Disease Control
and Prevention, 2019). It is effective for eggs that do not float well in standard
flotation media and preserves egg morphology for accurate identification (Dryden,
2008). However, it is more time-consuming than flotation methods, requires
examination of larger sediment volumes with more debris, and has lower sensitivity
for low-intensity infections compared to centrifugation-based methods (Dryden et
al., 2005; Nielsen, 2021).

3.3.2 Traditional sedimentation Procedure

Traditional sedimentation for detecting F. hepatica eggs (Figure 6) followed the
protocol described by Rapsch et al. (2006) and Charlier et al. (2008), with
modifications according to the standardised procedure at SLU (Appendix 2).

Sedimentation analysis was conducted over several sessions from January to
April 2026 (Table S3).
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Figure 6. Traditional sedimentation for the detection of F. hepatica eggs, washing
process [Suliman L,2026-01-26].

3.4 ELISA-coproantigen Test

All ELISA analyses were performed in April 2026 in a single batch for cattle
and in 13 May 2026 for sheep samples.

3.4.1 Coproantigen-ELISA Principe

The coproantigen-ELISA was performed using the Bio-X Diagnostics F.
hepatica Antigen ELISA kit (BIO K 201/2, Bio-X Diagnostics). This indirect
sandwich ELISA (Figure S2) is designed to detect F. hepatica coproantigens in
cattle and sheep faeces (Bio-X Diagnostics, 2025). The microplate wells are coated
with a specific polyclonal antibody against F. hepatica (rows A, C, E, G) or with a
non specific control antibody (rows B, D, F, H), (Bio-X Diagnostics, 2025).
Coproantigens present in the faecal sample are captured by the specific antibody.
After washing, a biotin-labelled monoclonal anti-F. hepatica antibody is added,
followed by a peroxidase-labelled avidin conjugate. The enzyme converts the
colourless tetramethylbenzidine substrate into a blue product, and the reaction is
stopped with phosphoric acid, producing a yellow colour. The optical density is
measured at 450 nm. The OD of the control wells is subtracted from the
corresponding specific wells to correct for non-specific binding (Mezo et al., 2004;
Bio-X Diagnostics, 2025).
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3.4.2 Coproantigen-ELISA Procedure

The assay was performed according to the manufacturer’s instructions (Bio-X
Diagnostics, 2025) (Appendix 3).

3.4.3 Interpretation of Results

For each sample, the net optical density was calculated as:
Delta OD = OD (specific well) — OD (control well)

The same calculation was applied to the positive control. The sample-to-positive
(S/P) ratio was then calculated as follows:

S/P (%) = (Delta OD sample / Delta OD positive) x 100

According to the manufacturer’s quality control sheet (Bio-X Diagnostics,
2025), samples with an S/P ratio >8% are considered positive for F. hepatica
coproantigens. Samples with an S/P <8% are considered negative. The same cut-off
was applied to all samples.

3.5 Statistical Analysis

All statistical analyses were performed using Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA) and R version 4.2.1 (R Core Team, 2022). The
primary objectives of the statistical analysis were: (1) to describe the detection rates
of the three diagnostic methods, (2) to quantify the level of agreement between the
methods, and (3) to visualise the comparative performance of each method.

Descriptive statistics were calculated for each diagnostic method, including the
number and percentage of positive samples, total egg counts (for sedimentation and
OvaCyte™), and the range of egg counts in positive samples. These statistics

provide a straightforward summary of each method’s performance in detection
(Table S5).

To assess the level of agreement between the three diagnostic methods, Cohen’s
kappa coefficient (k) was calculated for each pairwise comparison. Kappa measures
the agreement between two raters (or two diagnostic tests) after correcting for
agreement that would occur by chance alone. Values range from —1 (complete
disagreement) to +1 (perfect agreement).
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Kappa values were interpreted according to the scale proposed by Landis and
Koch (1977) (Table S6).

For each pair of diagnostic methods, results were arranged in a 2 x 2 contingency
table (MedCalc, 2025):

Table 1. Agreement Analysis (Cohen's Kappa).

Test B Positive Test B Negative
Test A Positive a (both positive) b (A only)
Test A Negative ¢ (b only) d (both negative)

Cohen's kappa (k) was calculated using the formula (Cohen, 1960):
K=(Po—-P;) /(1 -Pe), where:

e Po=observed agreement=(a+d)/n
e P.=chance agreement =[(a + b)(a + ¢) + (¢ + d)(b + d)] / n?

3.6 Ethical Consideration

This study did not involve any live animal procedures beyond routine veterinary
practice. All samples were collected in accordance with Swedish animal welfare
legislation and ethical guidelines for research.

All samples were anonymised, and animal identification numbers were used
only for tracking during laboratory analysis. No personally identifiable information
about animal owners or farm personnel was collected or stored. Data were stored
securely on a password-protected university server with access restricted to the
research team.

The study protocol was reviewed by the Swedish University of Agricultural
Sciences, and formal ethical approval was unnecessary for this project, as
confirmed in the signed project plan.

3.7 Risk assessment and Safety Measures

All faecal samples were handled in a Class 2 laboratory environment following
standard biosafety level 2 procedures. Personal protective equipment was always
worn, work surfaces were disinfected before and after use, and all biological waste
was disposed of according to safety protocols. Supervisors ensured that safety
routines were followed throughout the project.
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4. Results

Table 2. Results for three methods for F. hepatica detection.

Sample OvaCyte™  Fluke | Traditional ELISA
location Plus Sedimentation coproantigen
positive | negative | positive negative | positive | negative

A 1 7 3 5 4 4

B 3 16 5 14 4 15

C | 5 3 3 4 2

D 31 5 34 3 37 0

Total 37 33 45 25 49 21

Al-based copromicroscopy using the OvaCyte™ Fluke Plus system detected
F. hepatica eggs in 37 of 70 samples (52.9%) and Paramphistomum spp. eggs in
16 of 70 samples (22,9%). Among cattle (n=47), OvaCyte™ detected F. hepatica
in 14 samples (29.8%) and Paramphistomum in 2 samples (4.3%) (samples 37 and
47, one egg each, below detection limit). Among sheep (n=23), OvaCyte™ detected
F. hepatica in all 23 samples (100%) and Paramphistomum in 14 samples (60.9%).
Sample preparation following the manufacturer's Fluke Sample Preparation
protocol required approximately 10—15 minutes per sample, including weighing,
mixing, filtration, tapping, and addition of flotation fluid. Automatic scanning
required an additional 2—3 minutes per sample.

Traditional sedimentation detected F. hepatica eggs in 45 of 70 samples
(64.3%) and Paramphistomum spp. eggs in 17 of 70 samples (24,2%). Among cattle
(n=47), sedimentation detected F. hepatica in 22 samples (46.8%) and
Paramphistomum in 1 sample (2.1%) (sample 2, one egg). Among sheep (n=23),
sedimentation detected F. hepatica in all 23 samples (100%) and Paramphistomum
spp. in 16 samples (69,5%). The total work time for microscopy was approximately
11-16 minutes per sample, with an additional 45 minutes of waiting time for
sedimentation per sample.

Coproantigen-ELISA detected F. hepatica antigens in 49 of 70 samples
(70.0%). Among cattle (n=47), 26 samples (55.3%) were positive, with a mean S/P
ratio of 25.9% in Gillersta, 23.0% in Bredaryd, 20.3% in Dahlbergs, and 67.8% in
Varekils cattle. Among sheep (n=23), all 23 samples (100%) were positive, with a
mean S/P ratio of 86.4% (range 63.5-108.9%).

The highest positivity rates were observed in Varekils slaughterhouse cattle
(14/14, 100%) and Varekils sheep (23/23, 100%), while the lowest was in Bredaryd
farm (4/19, 21.1%).
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The total active work time for ELISA was approximately 6 hours for all 70
samples (including sample preparation, incubations, washes, and plate reading),
making it efficient for batch processing compared to egg-detection methods (Bio-X
Diagnostics, 2025).

ELISA is not designed to detect Paramphistomum and therefore gave no results
for this parasite (Bio-X Diagnostics, 2025; Kajugu et al., 2015).

Hypothesis 1 was accepted, as ELISA demonstrated the highest overall detection
rate (70.0%) and outperformed both egg-detection methods, particularly in cattle
where it detected 55.3% of infections compared to 46.8% by sedimentation and
29.8% by OvaCyte™. Hypothesis 2 was partially rejected: in cattle, OvaCyte™
was inferior to sedimentation, but in sheep it performed equally well, and its speed
advantages were confirmed.

4.1 Al-based copromicroscopy OvaCyte™ Fluke Plus

results
Table 3. AI-OvaCyte™ Fluke Plus System Results.

Fasciola hepatica
Location

Positive Negative
A (1-8 cattle) 1 7
B (9-27 cattle) 3 16
C (28-33 cattle) 1 5
D (34-47 cattle) 9 5
D (48-70 sheep) 23 0
TOTAL samples 37 33

* Paramphistomum spp. eggs were detected in two cattle samples (samples 37 and
47) with one egg each (both below the detection limit) and in 14 sheep samples (47
eggs), 16 positive samples total.
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Figure 7. Detection by OvaCyte™ Fluke Plus in a:) F. hepatica and Paramphistomum
spp. eggs in cattle [OvaCyte, 2026-04-01] and b) F. hepatica eggs in sheep [OvaCyte,
2026-04-20].

4.2 Traditional Sedimentation results

Table 4. Traditional sedimentation results.

Fasciola hepatica
Location
Positive Negative
A (1-8 cattle) 3 5
B (9-27 cattle) 5 14
C (28-33 cattle) 3 3
D (34-47 cattle) 11 3
D (48-70 sheep) 23 0
TOTAL samples 45 25

* Paramphistomum spp. eggs were detected in one cattle sample (sample 2, one
egg) and in 16 sheep samples (35 eggs); 17 positive samples total.
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Figure 8. Fasciola hepatica egg detected by traditional sedimentation [Suliman L., 2026-
04-21]

Figure 9. Paramphistomum spp. egg detected by traditional sedimentation [Suliman L.,
2026-01-26].
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4.3 ELISA-coproantigen results

Table 5. ELISA - coproantigen results.

Location Fh Fh Positivity | Mean S/P | Range of S/P

Positive | Negative | rate (%) ratio (%) ratio (%)

A (1-8 cattle) 4 4 50 25,9 15.4 -46.7

B (9-27cattle) 4 15 21,1 23 9.8-54.6

C (28-33 cattle) 4 2 66,7 20,3 82-538

D (34-47 cattle) 14 0 100 67,8 27.8-94.6

D (48-70 sheep) 23 0 100 86,4 63.5-108.9

TOTAL 49 21 70 65,5 8.2-108.9

*Note: S/P ratio = (Delta OD sample / Delta OD positive) % 100. Cut-off for positivity:
S/P >8% (Bio-X Diagnostics, 2025).
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Figure 10. Presence of F. hepatica coproantigens (blue colour) in cattle faeces. [Suliman
L., 2026-04-15].
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Figure 11. Presence of F. hepatica coproantigens (blue colour) in sheep faeces. [Suliman
L., 2026-05-13].
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4 4 Statistical Results

All statistical analyses were performed using Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA) and R version 4.2.1 (R Core Team, 2022). The
primary objectives of the statistical analysis were: (1) to describe the detection rates
of the three diagnostic methods (Figure 12), (2) to quantify the level of agreement
between the methods (Figure 14; Table S7), and (3) to visualise the comparative
performance of each method.

Descriptive statistics were calculated for each diagnostic method, including the
number and percentage of positive samples, total egg counts (for sedimentation and
OvaCyte™), and the range of egg counts in positive samples (Figure 13). These
statistics provide a straightforward summary of each method's performance in
detection (Table S8).

100

86.0%
80 1

60 -

Detection Rate (%)

40 1

20

OvaCyte™ Traditional ELISA
Sedimentation

Figure 12. Detection rates of the three diagnostic methods among animals with

confirmed or strongly suspected infection (R Core Team, 2022). https://www.R-
project.org/ [2026-05-18].
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Figure 13. The range of egg counts in positive samples (R Core Team, 2022).
https://’www.R-project.org/ [2026-05-18].

Cohen's kappa was selected for the following reasons:

1.

Binary outcome data — Each diagnostic test result is binary
(positive/negative). Kappa is specifically designed for categorical (nominal)
data (Cohen, 1960).

Correction for chance agreement — Simple percent agreement can be
misleading when tests frequently agree on negative results. Kappa removes
the component of agreement expected by chance, providing a more realistic
measure of true agreement (Landis and Koch, 1977).

No gold standard required — Kappa measures agreement between tests
without assuming one test is perfect, which is ideal when no true reference
standard is available for all samples.

Moderate prevalence — The prevalence of F. hepatica infection ranged from
52.9% (OvaCyte™) to 70.0% (ELISA). Kappa performs reliably when
prevalence is neither extremely high nor extremely low (Gwet, 2014).
Comparability with literature — Most comparative diagnostic studies in
veterinary parasitology report kappa values, allowing direct comparison
with previous work (Charlier et al., 2008; Mazeri et al., 2016).
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Figure 14. Level of agreement between the methods (R Core Team, 2022). https://www.R-
project.org/ [2026-05-18].

All three pairwise comparisons showed moderate agreement (x = 0.44—0.47),
indicating that while the methods are correlated, they are not interchangeable. The
highest agreement was observed between sedimentation and OvaCyte™ (k = 0.47),
which is expected as both are egg-detection methods based on similar biological
principles (detection of F. hepatica eggs in faeces). The slightly lower agreement
between ELISA and the two egg-detection methods (k = 0.44-0.45) reflects the
fundamental difference in what each method measures: ELISA detects parasite
antigens (present even during pre-patent infections), whereas sedimentation and
OvaCyte™ detect eggs (only present during patent infections).

4.5 Comparison of all results

OvaCyte™ detected F. hepatica in 52.9% of all samples and Paramphistomum
in 22.9%. Traditional sedimentation detected F. hepatica in 64.3% and
Paramphistomum in 24.3%. ELISA detected F. hepatica in 70.0% of all samples
and is not applicable for Paramphistomum. In cattle, detection rates were 29.8%
(OvaCyte™), 46.8% (sedimentation), and 55.3% (ELISA). In sheep, all three
methods achieved 100% detection of F. hepatica. All methods performed perfectly
in sheep, but sensitivity differed substantially in cattle. ELISA had the highest F.
hepatica detection, while microscopy methods detected both parasites.
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5. Discussion

This study compared three diagnostic methods for detecting F. hepatica in
Swedish cattle and sheep: traditional sedimentation, Al-based copromicroscopy
(OvaCyte™), and coproantigen ELISA (Bio-X). Each method showed distinct
strengths and limitations depending on host species, infection intensity, and
diagnostic purpose. Overall, ELISA detected the highest proportion of positive
samples and was particularly effective compared to sedimentation and OvaCyte™
in cattle, while all three methods performed equally well (100%) in sheep.
OvaCyte™ offered important advantages in automation and simultaneous detection
of rumen flukes. Traditional sedimentation remained a practical and inexpensive
confirmatory method, despite lower sensitivity and greater labour requirements..

5.1 Comparison between Al-based, Traditional
sedimentation and ELISA test

5.1.1 Methodological consideration affecting OvaCyte ™

OvaCyte™ detected 37 of 70 positive samples overall, with performance
strongly influenced by host species and infection intensity. In sheep, the system
detected all positive samples in this study, matching ELISA and sedimentation, and
recovered the highest total number of F. hepatica eggs. This indicates excellent
performance at moderate to high infection burdens. OvaCyte™ also uniquely
enabled simultaneous detection of Paramphistomum spp., identifying 16 positive
samples.

In cattle, however, OvaCyte™ detected fewer positive samples than
sedimentation. Most missed samples had extremely low egg counts, suggesting
reduced sensitivity at low infection intensities. This may reflect sampling error, as
only a small proportion of the processed faecal material is ultimately analysed,
increasing the probability that eggs are absent from the final aliquot (Mes, 2003).
Multiple preparation steps may also contribute to mechanical egg loss during
filtration and transfer (Rapsch et al., 2006; Barda et al., 2013). In addition, the Al
algorithm was likely trained primarily on samples with clearly visible eggs, which
may reduce sensitivity at very low egg counts.

Despite lower sensitivity in low-burden cattle infections, OvaCyte™
demonstrated several important strengths. Automation eliminated inter-observer
variability, reduced passive processing time, and enabled simultaneous detection of
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F. hepatica and Paramphistomum spp. without additional labour, making the
system attractive for high-throughput laboratories and on-farm applications.

5.1.2 Methodological consideration affecting Sedimentation

Traditional sedimentation detected the second-highest number of positive
samples and identified Paramphistomum spp. infections. This method remains
advantageous as it is inexpensive, requires minimal equipment, and provides
quantitative egg counts with high specificity.

However, sedimentation is labour-intensive and time-consuming, requiring
multiple washing and decanting steps that may lead to egg loss and operator-
dependent variation (Rapsch et al., 2006). The method also involves substantial
passive waiting time (~ 45 minutes) in addition to 11-16 minutes of active work per
sample, making it less suitable for high-throughput screening (Charlier et al., 2008).
Furthermore, negative results cannot exclude infection, as low egg counts and
intermittent shedding reduce sensitivity, particularly in cattle.

5.1.3 Methodological consideration affecting ELISA

ELISA differs fundamentally from the sedimentation and the Al-assisted method
because it detects coproantigens rather than eggs. This offers several important
advantages. First, ELISA enables prepatent detection, identifying infections as
early as 4-5 weeks post-infection, before eggs appear in faeces (Charlier et al.,
2008). All samples were collected during winter and early spring, several months
after the end of the grazing season. Therefore, pre-patent infections — which occur
within the first 8-10 weeks after infection — are unlikely to explain the
ELISA-positive / egg-negative results observed in this study. Instead, these
discordant results more likely reflect low-intensity chronic infections where egg
counts were below the reliable detection threshold of the egg-detection methods
(Rapsch et al., 2006). Second, ELISA is less affected by intermittent egg shedding
because antigen excretion is generally more consistent than egg output, reducing
the risk of false-negative results (Mezo et al., 2004). Third, ELISA provides
objective results through spectrophotometric measurement, eliminating inter-
observer variability. Finally, it was the most time-efficient method, requiring
approximately six hours of active work for all 70 samples.

However, ELISA also has limitations. It requires laboratory infrastructure,
including a plate reader, centrifuge, and pipettes, and has a higher cost per sample
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than sedimentation. Unlike egg-based methods, ELISA does not provide
quantitative egg counts and cannot assess infection intensity. In addition, it cannot
detect Paramphistomum spp., as the antibodies are specific to F. hepatica (Bio-X
Diagnostics, 2025; Kajugu et al., 2015).

5.2 Comparison with Previous Studies

The findings of this study are broadly consistent with previous studies
comparing diagnostic methods for F. hepatica in ruminants. As previously
reported, coproantigen ELISA detected more positive samples than sedimentation,
particularly in cattle (Collyer, 2024; Dowling et al., 2024). Sedimentation
sensitivity has also been shown to vary substantially depending on methodology
and infection intensity (Godinho et al., 2025).

The low egg counts observed in many cattle samples likely contributed to the
reduced performance of both egg-detection methods. Most positive cattle samples
contained only 1-2 eggs per 5 g of faeces, which is close to the detection threshold
of many coprological techniques (Rapsch et al., 2006). This explains why some
cattle with visible liver flukes at slaughter tested negative by sedimentation and
OvaCyte™ but positive by ELISA. In contrast, sheep samples contained
substantially higher egg counts, allowing reliable detection by both egg-based
methods.

Published data on Al-based copromicroscopy for F. hepatica remain limited.
Previous studies have mainly focused on gastrointestinal nematodes or companion
animal parasites rather than liver fluke in cattle (Nagamori et al., 2020; Elghryani
etal., 2025). This study therefore provides one of the first evaluations of OvaCyte™
for naturally infected cattle and sheep, demonstrating strong performance in sheep
but lower sensitivity in low-burden cattle infections.

5.3 Implication of Veterinary Practice

No single diagnostic method is optimal for all situations; method selection
should depend on clinical purpose, available resources, and expected infection
intensity (Charlier et al., 2008; Rapsch et al., 2006). ELISA is the most suitable
method especially for early detection, particularly in cattle, due to its high detection
rate. Sedimentation remains valuable as a low-cost confirmatory method with high
specificity, especially where laboratory infrastructure is limited.

OvaCyte™ offers important advantages for automated, high-throughput
diagnostics through standardised processing, elimination of inter-observer
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variability, and simultaneous detection of F. hepatica and Paramphistomum spp.
However, its lower sensitivity in low-burden cattle infections means that negative
cattle results may require confirmation using another method.

For veterinary practice in Sweden, ELISA appears most appropriate for routine
herd screening, while sedimentation remains useful for confirming infection in
individual animals. OvaCyte™ may be particularly valuable in sheep and in settings
where there is no staff trained in parasitology or directly on-farm. Because low egg
counts and intermittent shedding can reduce the sensitivity of egg-based methods,
combining ELISA with sedimentation or OvaCyte™ may provide the most reliable
diagnosis in clinically important cases.

5.4 Study Limitations

This study has several limitations that should be considered when interpreting
the results: 1) the samples from the Bredaryd farm had no gold standard (visual
liver inspection), ii) no negative sheep faecal samples were included and iii) the
reference standard relied on routine visual liver inspection at slaughter rather than
systematic dissection, so true infection status may have been misclassified.

Information on animal age and production type (e.g., dairy vs. beef) was not
available for most samples. While these factors may influence infection intensity
and egg shedding patterns, they were not the focus of this diagnostic method
comparison study. Future studies could investigate whether production type or age
affects test performance.

Differences in infection egg-excretion intensity between cattle and sheep also
complicated comparisons between methods, as sheep generally had much higher
egg counts than cattle. Furthermore, the diagnostic methods differed substantially
in principle and sample preparation, which may partly explain differences in
performance. Both egg-detection methods were strongly affected by low egg
counts. In contrast, ELISA is validated for both cattle and sheep but requires more
advanced laboratory equipment, samples must be provessed in batch and this
method can only detect F. hepatica but not rumen flukes.

Additional limitations include the lack of a gold standard for Paramphistomum
detection, sampling from a limited number of Swedish farms and slaughterhouses,
and collection of samples at a single time point, preventing assessment of
intermittent egg shedding and temporal variation. Although efforts were made to
minimise observer bias, complete blinding was not possible for all samples.
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6. Conclusion

Sheep exhibited substantially higher egg counts and detection rates than cattle,
consistent with their known greater susceptibility to F. hepatica infection.
Consequently, OvaCyte™ performed particularly well in sheep, whereas ELISA
remained the most effective method for routine cattle screening.

Paramphistomum infections were common in sheep but rare in cattle, and
OvaCyte™ offered the additional advantage of automated dual-parasite detection
without extra labour. Regarding efficiency, ELISA required the least active work
time, OvaCyte™ enabled efficient automated processing. Sedimentation was the
most time-consuming method.

Overall, the study demonstrates that diagnostic choice should depend on host
species, clinical purpose, and available resources. For maximum diagnostic
reliability, particularly where missing infections may have important clinical or
economic consequences, combining multiple diagnostic methods is recommended.
Future optimisation of Al-based diagnostic systems may further improve sensitivity
in low-burden infections and strengthen their role in automated parasite
surveillance in livestock production.
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Popular science summary

Three Ways to Catch a Liver Fluke — Which Test Works Best?

The liver fluke is a small, leaf-shaped parasite that lives in the bile ducts of cattle
and sheep. This leads to weight loss, reduced milk production and liver damage,
costing farmers millions of dollars annually. To combat the disease, it is first
necessary to determine which animals are infected. But how do you choose the right
test?

In this project, I compared three diagnostic methods using faecal samples from
47 cattle and 23 sheep in Sweden.

The old method — sedimentation is like panning for gold. You mix faeces with
water, let the heavy fluke eggs sink to the bottom, and look for them under a
microscope. It is cheap and simple, but slow and requires a trained eye. A single
negative test does not mean the animal is free from fluke — eggs are not shed every
day.

The modern method — ELISA detects fluke proteins (antigens) in the faeces. It
can find infections several weeks before eggs appear, and it is fast enough to process
70 samples in six hours. It is the most sensitive test and the best choice for routine
herd screening.

The futuristic method — OvaCyte™ uses artificial intelligence. A machine scans
the sample, recognises fluke eggs, and counts them automatically. It is consistent,
removes human error, and can also detect rumen fluke (another parasite) at the same
time. It worked perfectly in sheep (100% detection) but struggled with low-level
infections in cattle.

So which test should you choose? If you want to screen a whole herd for early
infection, pick ELISA. If you need to confirm a sick animal on a budget,
sedimentation still works. If you run a busy laboratory and process hundreds of
samples, OvaCyte™ saves time and reduces mistakes.

No test is perfect. But by understanding their strengths and weaknesses, farmers
and veterinarians can make smarter decisions — and that means healthier animals
and lower losses.
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Appendix 1

Samples preparation for the OvaCyte™ Fluke Plus Copromicroscopy
(OvaCyte, 2025).
Sample procedure:

1.

10.

11

Weigh sample: Mix the faecal sample thoroughly. Weigh 5 g (£ 0.3 g) of
faeces into a sample pot.

Add tap water: Top up the pot with water until just below the 50 ml mark
and mix well.

Assemble filter stack: Place the grey filter on top of the coral filter, aligning
arrows 1 and 2 so they point upwards.

First pour: Pour half of the prepared sample through the filter stack.

First tap: Tap the filters approximately 30 times, or until the liquid has
passed through.

Second pour & tap: Pour the remaining sample through and repeat the
tapping process (approximately 30 times).

Rinse: Fill the sample pot with water up to the 30 ml mark, pour through the
filter stack, and tap. Repeat this rinse step once more. Ensure no excess fluid
remains on the filter.

Invert filter stack: Invert the coral filter stack upside down onto a 500 ml
beaker so that arrow 3 is pointing upwards (OvaCyte, 2025).

Add flotation fluid: Extract 15 ml of fluke flotation fluid into the provided
syringe.

Flood the mesh: While holding the filter stack and beaker together, flood
the top of the (now inverted) mesh with the flotation fluid. Repeat the
tapping process, paying special attention to releasing any remaining droplets
on the underside of the mesh.

. Fill cassette: Fill the OvaCyte™ cassette from the resulting filtrate as

normal, referring to the standard procedure described on page 1 of the
Equine and Large Animal Standard FEC Preparation Procedure.
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Appendix 2

Traditional Sedimentation Procedure.

1.
2.

10.

11.

12.

13.

Sample weighing: 5 g of faeces was weighed into a clean beaker.

Initial mixing: 1000 ml of tap water was added, and the sample was mixed
thoroughly with a stirring rod until a homogeneous suspension was
achieved.

Sieving: The suspension was poured through a tea strainer (mesh size
approximately 250 um) into a sedimentation cone, using additional water to
rinse the beaker and strainer.

First sedimentation: The suspension was left to sediment undisturbed for 30
minutes.

First decanting: The supernatant was carefully decanted, leaving
approximately 10 ml of sediment.

Washing: Water was added to the 1000 ml mark, and the sediment was
gently resuspended.

Second sedimentation: The suspension was left to sediment for a further 15
minutes.

Washing: Water was added to the 1000 ml mark, and the sediment was
gently resuspended.

Third sedimentation: The suspension was left to sediment for a further 15
minutes.

Final decanting: The supernatant was carefully decanted, leaving
approximately 5-10 ml of sediment.

Transfer: The sediment was poured into a petri dish, rinsing the cone with a
small amount of water to recover all material.

Microscopic examination: The sediment was examined systematically
under a stereomicroscope at 40x magnification.

Egg identification: F. hepatica eggs were identified based on morphological
characteristics:

-Size: 130-150 pm x 70-90 um
-Shape: Oval, operculated

-Colour: Yellowish-brown

-Contents: Undeveloped embryo surrounded by yolk cells (Andrews, 1999).
Recording: Presence or absence of F. hepatica eggs was recorded as "P" (positive)

or "N" (negative). Where present, eggs were counted and recorded in the "Fh dgg i

sediment" column.
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Appendix 3

Procedure for ELISA-test.
Manufacturer's instructions (Bio-X Diagnostics, 2025):

Sample preparation:

For cattle samples - 2 g of faeces, for sheep — 0,5 g of faeces, was mixed
with 2 ml of dilution buffer (1:1 w/v dilution),

Centrifugation: Samples were centrifuged at 1,000 x g for 10 minutes.
Supernatant collection: Supernatants were collected for analysis.

Note: Coproantigen-ELISA results are pending and will be incorporated in

subsequent analyses. The methodology is presented here according to the study

protocol.

1. Incubation 1: Add 100ul of each sample to paired wells (specific and
control). Cover and incubate for 2 hours at 21°C + 3°C on a shaker.

2. Washing: Wash the plate three times with 300ul washing solution per well.

3. Conjugate 1: Add 100ul of diluted biotin-linked anti-Fasciola antibody to
each well. Incubate for 1 hour at 21°C + 3°C. Wash three times.

4. Conjugate 2: Add 100ul of diluted peroxidase-coupled avidin to each well.
Incubate for 1 hour at 21°C + 3°C. Wash three times.

5. Development: Add 100ul TMB chromogen (must be colourless). Incubate
for 10 minutes at 21°C + 3°C protected from light.

6. Stop: Add 50 pl stop solution (1 M phosphoric acid). Blue turns yellow.

7. Reading: Measure optical density (OD) at 450 nm.
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Supplementary tables

Table S1. Life Cycle Periods of F. hepatica.

. Locatio . Reference
Period Stage Duration | Key Features
n s
External . o
) ) Egg size: 0.12-0.15 | Skrjabin
environ | Varies
. mm; golden-yellow; | and Schulz,
Embryog | Egg to | ment with )
L operculated; contains | 1935;
ony miracidium | (water, | temperatu »
) fertilised egg cell and | Andrews,
vegetatr | re
28-30 yolk cells 1999
on)
Interme
diate 159 Asexual
L host ' reproduction; Shumakovi
Miracidiu . months .
Partheno (snail, sporocyst — redia — | ch, 1957;
m to (summer .
gony . e.g., . daughter redia — | Mas-Coma
cercaria condition ,
Galba ) cercaria; >400 | etal., 2009
]
truncatu cercariae per snail
la)
. . Skrjabin
External Cercaria sheds tail;
. . and Schulz,
) environ | 15-30 forms protective cyst
Cercaria to . . 1935;
Cystogon . | ment minutes (metacercaria);
metacercari ) Andrews,
y (water, | (encystm | survives: hay 2-6 1999
a ;
vegetati | ent) months, water up to 1
) Dalton,
on ear
Y 2021
2-4 Excystation in small
Definiti | months to | intestine; migration | Taylor,
ve host | maturity; | through peritoneum | 1930;
. Metacercar . .
Maritogo | . (rumina | adult and liver | Andrews,
1a to adult ]
ny fluk nts, lives 4-5 | parenchyma; 1999; Mas-
uke
humans | years (up | establishment in bile | Coma et
) to 10 | ducts; produces | al., 2009
years) ~3,500 eggs/day
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Table S2. Sample collection overview with sources and dates.

ia:)r.nple Animal ID Source ]C)zileection f:ls(llleghter
1 7054 A 2026-01-22 | N

2 2938 A 2026-01-22 | N

3 8941 A 2026-01-22 | N

4 3196 A 2026-01-22 | 79/80
5 80491 A 2026-01-22 | 79/80
6 24051 A 2026-01-22 | 79/80
7 11197 A 2026-01-22 | N

8 6033 A 2026-01-22 | 79/80
9 0964-5 B 2026-02-24 | NA
10 1174-9 B 2026-02-24 | NA
11 1204-5 B 2026-02-24 | NA
12 1235-9 B 2026-02-24 | NA
13 1275-5 B 2026-02-24 | NA
14 1359-7 B 2026-02-24 | NA
15 1368-8 B 2026-02-24 | NA
16 1369-6 B 2026-02-24 | NA
17 1379-5 B 2026-02-24 | NA
18 1382-9 B 2026-02-24 | NA
19 (1 s(?j 1'e7d) Bl B 2026-02-24 | NA
20 1384-5 B 2026-02-24 | NA
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21 1393-6 2026-02-24 | NA
22 1394-4 2026-02-24 | NA
23 1396-9 2026-02-24 | NA
24 1397-7 2026-02-24 | NA
25 1398-5 2026-02-24 | NA
26 1404-1 2026-02-24 | NA
27 1407-4 2026-02-24 | NA
28 9226-5 SE023663 2026-02-27 | 79/80
29 0068-8 SE204424 2026-02-27 | 79/80
30 0516-1 SE062667 2026-02-27 | 79/80
31 9210-9 SE023663 2026-02-27 | 79/80
32 0470-1 SE006596 2026-02-27 | 79/80
33 2306-2 SE023663 2026-02-27 | 79/80
34 919 D 2026-03-24 | 79/80
35 920 D 2026-03-24 | 79/80
36 923 D 2026-03-24 | 79/80
37 919 D 2026-03-24 | 79/80
38 919b D 2026-03-24 | 79/80
39 919c¢ D 2026-03-24 | 79/80
40 919d D 2026-03-24 | 79/80
41 919c D 2026-03-24 | 79/80
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42 919+920a D 2026-03-24 | 79/80
43 919+920b D 2026-03-24 | 79/80
44 919+920c D 2026-03-24 | 79/80
45 919+923a D 2026-03-24 | 79/80
46 919+923b D 2026-03-24 | 79/80
47 919+923¢ D 2026-03-24 | 79/80
48 Far 1 D 2026-04-15 | 79/80
49 Far 2 D 2026-04-15 | 79/80
50 Far 3 D 2026-04-15 | 79/80
51 Far 4 D 2026-04-15 | 79/80
52 Far 5 D 2026-04-15 | 79/80
53 Far 6 D 2026-04-15 | 79/80
54 Far 7 D 2026-04-15 | 79/80
55 Far 8 D 2026-04-15 | 79/80
56 Far 9 D 2026-04-26 | 79/80
57 Far 10 D 2026-04-26 | 79/80
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58 Far 11 D 2026-04-26 | 79/80
59 Far 12 D 2026-04-26 | 79/80
60 Far 13 D 2026-04-26 | 79/80
61 Far 14 D 2026-04-26 | 79/80
62 Far 15 D 2026-04-26 | 79/80
63 Far 16 D 2026-04-26 | 79/80
64 Far 17 D 2026-04-26 | 79/80
65 Far 18 D 2026-04-26 | 79/80
66 Far 19 D 2026-04-26 | 79/80
67 Far 20 D 2026-04-26 | 79/80
68 Far 21 D 2026-04-26 | 79/80
69 Far 22 D 2026-04-26 | 79/80
70 Far 23 D 2026-04-26 | 79/80
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Table S3. Samples processing schedule.

™ . .
Sample Location OvaCyte Sedimentation ELISA Date
No. Date Date
1-8 A 2026-01-23 2026-01-26 2026-04-15

2026-03-02 - | 2026-03-02 -
9-27 B 2026-04-15
2026-03-05 2026-03-05
2026-03-06 —
28-33 C 2026-03-05 2026-03-09 2026-04-15
2026-03-26  — | 2026-03-26 —
447 D 2026-04-01 2026-04-01 2026-03-15
2026-04-20 —
48-55 D 2026-04-20 2026-04-21 2026-05-13
2026-05-04 -
56-70 D 2026-04-26 2026-05-05 2026-05-13
Table S4. Results from three methods.
ELISA (S/P ratio
Sample . . )
D Location | OvaCyte™ Sedimentation value,%)
1 A N N N
2 A N 1 Ps N
3 A N N 18.34
4 A 1 Fh 1 Fh 23.28
5 A N 1 Fh 15.40
6 A N 1 Fh 46.70
7 A N N N
8 A N N N
9 B N N 15.17
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10 N N N

11 N N 12.30
12 N N N

13 2 Fh 1 Fh 54.63
14 2 Fh N 9.77
15 N 3 Fh N

16 N 2 Fh N

17 N N N

18 N N N

19 N N N

20 1 Fh 1 Fh N

21 N N N

22 N N N

23 N N N

24 N 1 Fh N

25 N N N

26 N N N

27 N N N

28 1 Fh 2 Fh N

29 N N N

30 N N 8.20
31 N N 53.80
32 N 1 Fh 9.38
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33 N 2 Fh 9.74

34 2 Fh 13 Fh 80.33
35 N N 27.84
36 N N 49.89
37 1 Fh, 1 Ps 2 Fh 81.63
38 1 Fh 1 Fh 68.54
39 3 Fh 3 Fh 94.56
40 1 Fh 4 Fh 87.25
41 1 Fh 1 Fh 77.30
42 1 Fh 2 Fh 57.66
43 N 3 Fh 70.47
44 1 Fh N 60.46
45 1 Fh 8 Fh 60.86
46 N 7 Fh 65.96
47 2 Fh, 1 Ps 2 Fh 65.91
48 45 Fh, 11 Ps 73 Fh, 4 Ps 125,8
49 75 Fh, 3 Ps 37 Fh, 2 Ps 123,5
50 166 Fh, 1 Ps 105 Fh, 1 Ps 126,4
51 12 Fh, 3 Ps 10 Fh 131,0
52 128 Fh, 1 Ps 126 Fh, 1 Ps 140,5
53 143 Fh, 4 Ps 99 Fh, 2 Ps 116,6




54 47 Fh, 6 Ps 36 Fh, 1 Ps 137,7
55 55 Fh, 2 Ps 36 Fh, 1 Ps 116,7
56 20 Fh, 5 Ps 54 Fh, 4 Ps 123.,5
57 90 Fh, 1 Ps 56 Fh 121,6
58 43 Fh 30 Fh 132,8
59 44 Fh 68 Fh, 1 Ps 118,9
60 30 Fh 36 Fh, 2 Ps 121,9
61 65 Fh, 1 Ps 52 Fh, 3 Ps 122,7
62 34 Fh, 2 Ps 34 Fh, 3 Ps 127,1
63 32 Fh, 4 Ps 58 Fh, 4 Ps 118,3
64 31 Fh 37 Fh, 1 Ps 123,6
65 34 Fh 61 Fh, 3 Ps 121,2
66 60 Fh, 3 Ps 21 Fh 109,9
67 58 Fh 14 Fh, 1 Ps 107,6
68 8 Fh 19 Fh 133,4
69 11 Fh 13 Fh 128,5
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70 D 9 Fh 9 Fh 116,4
37 positive: 46 positive: .
TOTAL 49 positive: 8.2 -
1261 eggs Fh, 1146 eggs Fh,
140,5 %
49 eggs Ps 35 egg Ps

Table S5. Descriptive statistics for each diagnostic method.

. . Total F. | Range of eggs
Positive Detection . .
Method hepatica eggs | (positive
samples (n) | rate (%)
detected samples)
OvaCyte™ 37 52,9 1261 1-166
Traditional
) ) 45 64,3 1146 1-126
sedimentation
8.2-140.5%
ELISA 49 70 Not applicable | (S/P)

Table S6. Scale proposed by Landis and Koch.

Kappa value (x)

Strength of agreement

<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect
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Table S7. Pairwise agreement between diagnostic methods (Cohen's kappa).

Both Both Observed
. . . Kappa | Strength of
Comparison positive | negative | agreement
N x) agreement
(a) (d) (%)
ELISA Vs
] ) 31 16 67,1 0.44 Moderate
Sedimentation
ELISA VS
30 18 68,6 0.45 Moderate
OvaCyte™
Sedimentation vs
29 21 71,4 0.47 Moderate
OvaCyte™

Note: Calculations are based on binary outcomes (positive/negative for F. hepatica).

Table S8. Comparison of diagnostic method performance.

Parameter Sedimentation OvaCyte™ ELISA
F. hepatica positive
45 (64.3%) 37 (52.9%) 49 (70.0%)
samples
Paramphistomum  positive Not
17 (24.3%) 16 (22.9%) _
samples applicable
. Not
Total F. hepatica eggs 1146 1261 )
applicable
Total Paramphistomum Not
35 49 .
eges applicable

Cattle F. hepatica detection
(n=47)

22 (46.8%)

15 (31.9%)

26 (55.3%)

Sheep F. hepatica detection
(n=23)

23 (100%)

22 (95.7%)

23 (100%)

Cattle  Paramphistomum Not
1(2.1%) 2 (4.3%) ,
(n=47) applicable
Sheep  Paramphistomum Not
16 (69.6%) 14 (60.9%) ,
(n=23) applicable
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*Note: One sheep sample was negative for Paramphistomum by OvaCyte™ but positive

by sedimentation, accounting for the difference in counts

Supplementary figures.

Figure S1. OvaCyte™ Fluke Plus sample preparation procedure, pdf-manual instruction
(OvaCyte, 2025)
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Figure S2. Coproantigen-ELISA principle, BIO K 201 - Monoscreen AgELISA Fasciola
hepatica / indirect sandwich, double wells, pdf manual instruction (Bio-X Diagnostics,

2025).
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