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1. Einleitung und Zielsetzung

Die Theiler's Disease, auch equine Serumhepatitis genannt, ist eine akut verlaufende
Hepatitis mit Leberzellnekrosen, welche in einem Leberversagen enden kann. Es existiert
keine spezifische Behandlungsmdglichkeit, erkrankte Pferde kdénnen nur symptomatisch
therapiert werden. Die Theiler's Disease wurde erstmals 1918 von Sir Arnold Theiler
beschrieben, nachdem es wahrend Impfstudien in Sidafrika zur Vorbeugung der
Afrikanischen Pferdepest (African Horse Sickness) nach der Verabreichung von equinem
Antiserum zu schweren akuten Hepatitiden und Leberversagen bei mehreren Pferden kam
(Theiler 1918). Seitdem wurde die Erkrankung weltweit festgestellt und steht meist im
Zusammenhang mit der vorherigen Verabreichung von aus Pferden stammenden biologischen
Produkten wie equinem Plasma, Tetanus- und Botulismus-Antitoxin, Antiserum gegen
Streptococcus equi und allogenen Stammzellen (Aleman et al. 2005; Chandriani et al. 2013;
Divers et al. 2018; Guglick et al. 1995; Hjerpe 1964; Kopper et al. 2020; Messer und Johnson
1994a; Messer und Johnson 1994b; Panciera 1969; Step et al. 1991; Theiler 1918; Thomsett
1971; Tomlinson et al. 2019a), jedoch gibt es auch Berichte von erkrankten Pferden, welche
zuvor keine Blutprodukte erhielten oder nur in Kontakt mit infizierten Tieren standen (Theiler
1918; Tomlinson et al. 2019a; Tomlinson et al. 2019b). Lange Zeit wurde aus diesem Grund
eine infektidse Ursache als Ausldser der Erkrankung vermutet, aber erst vor Kurzem richtete
sich der Fokus auf ein bis dato unbekanntes Virus als potenziellen Erreger der Theiler's
Disease (Divers et al. 2018).

Im Jahr 2018 wurde erstmals das equine Parvovirus-Hepatitis (EqPV-H) aus Serum- und
Leberproben eines an der Theiler's Disease erkrankten und verstorbenen Pferdes isoliert
(Divers et al. 2018). Auch in diesem Fall wurde dem Pferd vor Ausbruch der Krankheit Tetanus-
Antitoxin verabreicht, ein biologisches Blutprodukt, produziert aus Pferdeserum (Divers et al.
2018). Bei EqPV-H handelt es sich um ein einzelstrangiges DNA-Virus mit Kapsid und kleinem
Genom, welches der Spezies Ungulate Copiparvovirus 6, Genus Copiparvoviridae (Familie
Parvoviridae) zugeordnet wird (Divers et al. 2018). Seit seiner Entdeckung konnte EqPV-H mit
der Ausnahme eines Falles in allen anderen an der Theiler's Disease erkrankten Tiere
nachgewiesen werden (Baird et al. 2020; Divers et al. 2018; Kopper et al. 2020; Ramsauer et
al. 2021; Tomlinson et al. 2019a; Tomlinson et al. 2019b; Vengust et al. 2020).

Mehrere Studien zeigen eine weltweite Verbreitung des Virus, die EQPV-H DNA Pravalenz
liegt hier bei klinisch gesunden, subklinisch infizierten Pferdepopulationen in den USA, China,
Siidkorea, Brasilien, Osterreich und Deutschland zwischen 4,4% — 17% (Altan et al. 2019;

Badenhorst et al. 2021; Divers et al. 2018; Lee et al. 2021; Lu et al. 2018; Lu et al. 2020;
4



Meister et al. 2019b; Moraes et al. 2021) und die Seropravalenz bei 15 — 34,7% (Badenhorst
et al. 2021; Divers et al. 2018; Meister et al. 2019b). In Betrieben mit kirzlich aufgetretenen
Fallen equiner Serumhepatitis in den USA und Kanada stieg die DNA-Pravalenz auf 54-62%
an (Baird et al. 2020; Tomlinson et al. 2019b; Tomlinson et al. 2020). Nicht alle DNA-positiven
Pferde sind jedoch klinisch erkrankt, nur bei wenigen Tieren kommt es zu einem letalen
Verlauf. In den meisten Fallen zeigt sich keine Symptomatik einer Lebererkrankung,
subklinische Hepatitiden mit erhdhten Leberenzymen sind jedoch beschrieben (Badenhorst et
al. 2021; Baird et al. 2020; Chandriani et al. 2013; Lu et al. 2020; Tomlinson et al. 2019b).

Des Weiteren konnten in 61,1% kommerzieller equiner Serumprodukte stammend aus
Neuseeland, den USA, Kanada, Italien und Deutschland EqPV-H DNA nachgewiesen werden,
in 77,8% der untersuchten Produkte waren Antikdrper gegen EqPV-H vorhanden (Meister et
al. 2019a). Dies spricht fur eine weltweite Zirkulation des Virus in der Pferdepopulation, was
ebenso von wirtschaftlichem Interesse ist, da eine EqPV-H-Kontamination kommerziell
erhaltlicher biologischer Produkte ein bedeutendes Risiko fir die Verbreitung des Virus

darstellt.

Vengust et al. (2020) publizierten die ersten vier Falle EQPV-H assoziierter Theiler's Disease
in Europa. Die Pferde stammten aus demselben Betrieb in Slowenien und mussten aufgrund
von Leberversagen euthanasiert werden, das Virus konnte dabei in Leberproben aller

erkrankten Pferde nachgewiesen werden (Vengust et al. 2020).

Die klinischen Anzeichen reichen von lkterus, Apathie, Inappetenz bis zu neurologischen
Symptomen wie Blindheit, Kopfpressen und Ataxie (Baird et al. 2020; Chandriani et al. 2013;
Divers et al. 2018; Kopper et al. 2020; Tomlinson et al. 2019a; Tomlinson et al. 2019b;
Tomlinson et al. 2020; Vengust et al. 2020). Der Verlauf ist oft letal und erkrankte Pferde
mussen aus Mangel an therapeutischen Optionen euthanasiert werden (Baird et al. 2020;
Divers et al. 2018; Tomlinson et al. 2019a; Tomlinson et al. 2019b; Vengust et al. 2020). Bei
infizierten Pferden sind leberspezifische biochemische Parameter wie Gamma-Glutamyl
Transferase (GGT), Aspartate Aminotransferase (AST), Sorbitol Dehydrogenase (SDH),
Glutamate Dehydrogenase (GLDH), Alkalische Phosphatase (ALP), Alanine Aminotransferase
(ALT), Bilirubin, Gallensauren und Ammoniak haufig erhoht (Baird et al. 2020; Kopper et al.
2020; Ramsauer et al. 2021; Tomlinson et al. 2019a; Tomlinson et al. 2019b; Vengust et al.
2020).

In post-mortem-Untersuchungen stellten sich die Lebern erkrankter Tiere atrophisch,
abgeflacht, briichig und mit veranderter Farbe dar (Kopper et al. 2020; Tomlinson et al. 2019a;
Vengust et al. 2020), histopathologisch konnten hepatozellulare Nekrosen, ein Untergang der

lobularen Architektur sowie lymphozytéare Infiltrationen beobachtet werden (Divers et al. 2018;
5



Kopper et al. 2020; Tomlinson et al. 2019a; Tomlinson et al. 2019b; Tomlinson et al. 2020;
Vengust et al. 2020).

Bei experimentell infizierten Pferden zeigte sich ein Héhepunkt der Viramie ungefahr funf
Wochen nach Infektion, die héchsten Viruslasten wurden im Serum und der Leber gefunden
(Tomlinson et al. 2020). Auch in weiteren Organen und Kdérperflissigkeiten konnte EqPV-H
DNA nachgewiesen werden, die Viruslasten waren hier jedoch deutlich niedriger (Tomlinson
et al. 2020). Selbst 15 Wochen nach Infektion konnte in den meisten Geweben weiterhin virale
DNA detektiert werden (Tomlinson et al. 2020). Der Beginn der Hepatitis wurde in dieser Studie

im Zeitraum der Serokonversion und Abnahme der Viramie beobachtet.

Zusammenfassend gaben mehrere Studien der letzten Jahre einen deutlichen Hinweis darauf,
dass EqPV-H der Ausldser der Theiler's Disease sein konnte, jedoch blieb die Frage offen, ob

das Virus auch im Zusammenhang mit anderen Lebererkrankungen bei Equiden steht.

Durch den nachgewiesenen Lebertropismus von EqPV-H ist seine Beteiligung an weiteren

Hepatopathien denkbar und mdéglich, dies wurde jedoch noch nicht naher erforscht.

Ziel dieser Doktorarbeit war, das Vorkommen sowie die Viruslast von EqPV-H in Lebern von
Pferden und Eseln mit histopathologischen Auffalligkeiten, mit Ausnahme der Theiler's
Disease, zu evaluieren, um dessen Einfluss auf unterschiedliche Hepatopathien abschatzen
zu konnen und einen moglichen Zusammenhang mit weiteren Lebererkrankungen

aufzuzeigen.
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Abstract: There is strong evidence that equine parvovirus-hepatitis (EqPV-H) is associated with the
onset of Theiler’s disease, an acute hepatic necrosis, in horses. However, the impact of this virus
on other hepatopathies remains unknown. The objective of this retrospective study was to evaluate
the prevalence and quantify the viral loads of EqPV-H in formalin-fixed, paraffin-embedded equine
and donkey livers with various histopathologic abnormalities. The pathologies included cirrhosis,
circulatory disorders of the liver, toxic and metabolic hepatic diseases as well as neoplastic and
inflammatory diseases (1 = 84). Eight normal liver samples were included for comparison as controls.
EqPV-H DNA was qualitatively and quantitatively measured by real-time PCR and digital PCR,
respectively. The virus was detected in two livers originating from horses diagnosed with abdominal
neoplasia and liver metastasis (loads of 5 x 10° and 9.5 x 10% genome equivalents per million cells).
The amount of viral nucleic acids measured indicates chronic infection or persistence of EqPV-H,
which might have been facilitated by the neoplastic disease. In summary, this study did not provide
evidence for EqQPV-H being involved in hepatopathies other than Theiler’s disease.

Keywords: EqPV-H; hepatopathy; neoplasia; hepatitis; horse; unigulate copiparvovirus 6

1. Introduction

Theiler’s disease, also known as equine serum hepatitis, is an acute and potentially life-
threatening fulminant hepatic necrosis. The disease was first reported by Sir Arnold Theiler
in 1918 in South Africa, when horses developed severe acute hepatitis and fulminant
liver failure after administration of convalescent equine antiserum during vaccination
studies to prevent African horse sickness. Affected livers were characterised by severe
centrilobular hepatic necrosis [1]. Since then, Theiler’s disease has been reported in many
countries worldwide and has been mostly associated with prior administration of equine -
origin biologic products such as equine plasma, tetanus and botulism antitoxins, antiserum
against Streptococcus equi and allogenic stem cells [1-8]. Nevertheless, there have been
reported cases of Theiler’s disease, which did not receive any equine biologic products
and in horses that were in contact with affected horses [1,9,10]. These incidences implied
that an infectious and transmissible pathogen might be the cause for the development of
Theiler’s disease, but a causative agent was not detected for many years [11].

In 2018, Divers et al. detected an unknown virus in serum and liver samples obtained
from a horse that died of Theiler’s disease after receiving tetanus antitoxin [8]. The newly
recognised virus was named equine parvovirus-hepatitis (EqPV-H). It harbours a small
single-stranded DNA genome and is assigned to the species Ungulate Copiparvovirus 6,

Viruses 2021, 13, 1599. https:/ /doi.org/10.3390/v13081599
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genus Copiparvoviridae (Parvoviridae family) [8,11]. EqQPV-H has been detected in all but
one of the recently reported cases of Theiler’s disease and has therefore been linked to the
onset of the disease [7-10,12,13]. In Europe, viral loads of 1.26 x 10% to 2.04 x 10? genome
equivalents (GE)/million cells were detected in liver tissue of four horses suffering from
Theiler’s disease [13]. In healthy horses in the USA, China, Germany and Austria a DNA
prevalence for EqPV-H has been reported between 7% and 17% [8,14-18] compared to a
markedly higher DNA prevalence between 54% and 79% in farms in the USA and Canada
with recently documented cases of Theiler’s disease [10,12,19]. Current research is focused
on disease outbreaks, possible transmission and seroprevalence in horse populations.

In experimentally infected horses a peak viraemia approximately five weeks after in-
fection was observed. The highest viral load was found in serum and liver, which indicates
hepatotropism [19]. Lower amounts of viral DNA were also detectable in various other
organs and body fluids. As late as 15 weeks after infection, EqPV-H was still detectable
in the majority of tissues tested [19]. The onset of hepatitis has been linked to seroconver-
sion and a decrease in viraemia, which further supports the hypothesis of EqPV-H as the
causative agent for this disease [19].

All recent findings suggest that EqPV-H is associated with Theiler’s disease. However,
there are no studies available so far that were designed to answer the question, whether
the hepatotropic EqPV-H might also be associated with other hepatic diseases. Therefore,
the aim of this retrospective study was to evaluate the occurrence and to determine the
load of EqPV-H in livers of horses and donkeys showing histopathologic abnormalities
other than Theiler’s disease.

2. Materials and Methods
2.1. Sample Collection and Histopathologic Evaluation

The samples archive of the Institute of Pathology was searched for horses and don-
keys that were euthanised between 2003 and 2019 at the University Equine Hospital of the
Vetmeduni Vienna with various liver pathologies. All available histopathologically abnor-
mal formalin-fixed, paraffin-embedded tissue (FFPE) samples were included in this study.
In addition, randomly selected liver samples with normal histopathology served as controls.
Initial histopathologic examination was performed following euthanasia of the horse or
donkey as part of the histopathological work-up of the patient. To improve standardisation
of this study, samples were independently re-evaluated by an experienced pathologist.

Tissue slides were stained with haematoxylin and eosin and categorised into seven
groups based on histopathologic evaluation (group 1: primary and secondary neoplastic
diseases, group 2: inflammatory diseases, group 3: cirrhosis, group 4: circulatory disorders
of the liver, group 5: toxic and metabolic hepatic diseases, group 6: multiple diseases, and
group 7: normal liver tissue). Neoplastic diseases (group 1) included primary neoplasia
of the liver or bile ducts as well as secondary neoplasia and tumour-like lesions. The
inflammatory diseases (group 2) comprised leucocytic inflammatory cell infiltration of
hepatic parenchyma and biliary tract. Cirrhosis (group 3) was characterised by nodular
parenchymal regeneration together with fibrosis and consequential disruption of the liver
architecture. Circulatory disorders of the liver (group 4) predominantly included cases
of subacute and chronic liver congestion. Toxic and metabolic hepatic diseases (group 5)
were defined as degenerative processes with reversible and irreversible cytopathology of
hepatocytes such as lipidosis, amyloidosis and vacuolation. Samples that were diagnosed
with more than one of the stated histopathologic abnormalities were assigned to group 6.
Group 7 comprised normal tissue samples.

2.2. Detection of EqPV-H by Real-Time PCR

Viral nucleic acid was extracted from 10 x 10 um paraffin-embedded liver specimens
using QIAamp® DNA Micro Kit according to the manufacturer’s instructions (Qiagen,
Hilden, Germany). Extracts were stored at —20 °C until further analysis. Viral load of EqPV-
H was related to cell number using TTC17, a gene that exists in mammalian species at a
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single copy per haploid nuclear genome. The single-copy calibrator gene was selected from
a catalogue that uses various databases and available genomic data to intuitively determine
single-copy orthologs between different phylogenetic groups and species [20]. The EqPV-H
assay was designed according to all published EqPV-H complete coding sequence variants
from USA, China and Austria to date, and a single-stranded oligonucleotide containing
the EqPV-H target sequence was used as positive control. Information regarding the
oligonucleotide sequences of the assays and the EqPV-H positive control are provided in
Table 1.

Table 1. Detection and quantification assays (real-time PCR and digital PCR) for measurement of cellular EqPV-H load.

Assay GenBank Identity 5' to 3’ Sequence of Oligonucleotide Amplicon Size (bp)
F: AAG ATA TGC CGC CAT TTG AA
R: CTG AAA AGG CAT TCC GTC AG
NC_040652.1, MG136722.1,  P: FAM-CAG AGA AAT /ZEN/ CCT GAG CGG
EqPV-H * MHS500787.1 to MH500792.1, TGG CCT-IBFQ o
MN218583.1 to MN218592.1, PC: ATC TTC TAT
MW256660.1 to MW256603.1  AAA GAT ATG CCG CCA TTT GAA AAG GCC
ACC GCT CAG GAT TTC TCT GAC TAT TAT
GTT TCT GAC GGA ATG CCT TTT CAG ACT
TTG TAT G
F: CTG GAC AAC AGC CAT GAC AAA
TTC17 XM_023653901.1 R: AAG TCT AAG GGC ATC TGA GTC CC 147

P: FAM-CAC AGG GTC /ZEN/ CTC CTC TGC
TCC TGTC-IBFQ

F: forward primer, R: reverse primer, P: probe, PC: positive control (amplified region is under-lined) * Designed against all publicly available
EqPV-H variants FAM: 6-fluorescein amidite, ZEN: internal quencher inserted after 9th base of the ZEN™ Dual-Quenched Probe; TBFQ:
Iowa Black™ Fluorescent Quencher. Synthesis of oligonucleotides: Integrated DNA Technologies, Leuven, Belgium.

Real-time PCR was performed in a volume of 15 pL composed of 1 x PCR buffer
B2 (Tris-HCl, (NH4)2504 and Tween 20; Solis Biodyne, Tartu, Estonia), 3.5 mM MgCl,,
200 uM of each dNTP (Solis Biodyne), 250 nM of each primer and 200 nM hydrolysis probe
(Integrated DNA Technologies, Leuven, Belgium), 1 U HOT FIREPol® DNA polymerase
(Solis Biodyne) and 3 uL template DNA. Cycling conditions consisted of an initial 15-min
incubation at 95 °C for polymerase activation and template denaturation followed by
45 amplification cycles (denaturation: 95 °C for 15 s, annealing /elongation: 60 °C for 60 s).
Real-time PCR was run on the gTOWER3/G Real-Time PCR Thermal Cycler operated by
the software qPCRsoft384 (v1.2.3.0) (Analytic Jena, Jena, Germany). Experimental samples
were measured in triplicate. Equine DNA served as positive control for the TTC17 assay.
Contamination was monitored by a no-template control. A standard deviation threshold of
less than 0.4 was adopted for the Cg values of the technical triplicates. In case of a higher
standard deviation, the replicate that deviated the most from the mean was excluded.

To generate a standard curve for the EqPV-H real-time PCR assay, sequential dilutions
of a synthetic oligonucleotide were amplified. The parameters of the resulting regression
line facilitated determination of the assay’s amplification efficiency as well as the detection
limit and helped to adjust the amount of template DNA for subsequent quantitative
measurement based on digital PCR (Figure 1). Furthermore, monitoring based on real-time
PCR was performed for additional organs available from positive cases.

10
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Figure 1. Viral loads of samples #1 and #2 matched the quantitative dynamic range of the assay.
The standard curve was obtained by plotting the Cyg values of serial standard dilutions against the
decadic logarithm of the respective copy-number concentration. r: Pearson’s correlation coefficient.

2.3. Quantification of Cellular Viral Load Using Digital PCR

Digital PCR was performed in Sapphire chips on the Naica Crystal Digital"™ PCR
System (Stilla Technologies, Villejuif, France). The mastermix contained 1 x PerfeCTa
Multiplex qPCR ToughMix (Quanta Bio, Beverly, USA) with 100 nM fluorescein, 800 nM of
each primer and 250 nM hydrolysis probe for each target (TTC17 and EqPH-V) and 9 uL
template. Following droplet generation, amplification was carried out according to the
following protocol: 95 °C for 10 min, 45 cycles of 95 °C for 10 s and 60 °C for 40 s. Endpoint
fluorescence values measured on the Naica Prism 3 reader were analysed by Crystal Miner
software (v. 2.4.0.3; Stilla Technologies, Villejuif, France). The software’s standard settings
were applied to export the copy numbers for the two targets.

3. Results
3.1. Clinical Records and Histopathologic Evaluation of Liver Samiples

The study population comprised 87 horses and 5 donkeys. Clinical records included
age, breed and sex of the animals, clinical diagnosis, activity of plasma liver enzymes and
liver-associated blood-biochemical parameters, as well as the primary cause for euthanasia
and histopathologic liver findings (Table Al). Clinical diagnosis of liver disease was the
cause for euthanasia in 27 cases. In the remaining patients, liver abnormalities were an
incidental finding at necropsy and horses were euthanised for unrelated reasons. Nine out
of 17 liver samples initially assessed as unremarkable, were found to be histopathologically
abnormal in the second review performed during the course of this study.

Based on histopathologic evaluation, the 92 liver samples included in the study were
assigned to the following seven groups: neoplastic diseases (1 = 20, group 1), inflammatory
diseases (n = 24, group 2), cirrhosis (1 = 5, group 3), circulatory disorders of the liver (n = 4,
group 4), toxic and metabolic hepatic diseases (1 = 14, group 5), multiple diseases (n =17,
group 6) and normal liver tissue (1 = 8, group 7). Samples that were assigned to group 6
were simultaneously diagnosed with at least two histopathologic features of groups 1 to 5
and were predominantly associated with inflammatory disorders (Table Al).

3.2. Virus Detection by Real-Time PCR and Copy Number Quantification by Digital PCR

From the study cohort (n = 92), two EqPV-H-positive livers were identified by real-
time PCR. Both belonged to group 1 comprising neoplastic disease specimens. The samples,
hereafter referred to as samples #1 and #2, produced Cq values at the upper end of the
quantitative dynamic range (29.96 + 0.20 and 30.08 + 0.34, respectively; Figure 1). Copy
number measurement by digital PCR (Figure 2) determined EqPV-H genome equivalents
per million cells of 5 x 10° and 9.5 x 10% (samples #1 and #2, respectively; Table 2).
Additional organs available from the two horses included heart, lung, spleen and intestine

11
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of case #1 and intestine of case #2. Real-time PCR detected a very low amount of viral
DNA in these tissues. In detail, Cq values at or beyond the limit of quantification were
determined for heart, lung, spleen and intestine of case #1 (32.58 & 0.46, 33.57 &+ 1.22,
32.62 & 1.15 and 34.62, respectively) and the intestine of case #2 (35.23).

A EqPV-H
Liver #1 Liver #2 No template
. 68 = 108 . 0

4 15357 * 24 665 * 27657

Reporter fluorophore intensity

B ez
Liver #1 Liver #2 No template
« 2350 *+ 1158 . 0

* 25308 * 24 646 * 25501

Reporter fluorophore intensity

Figure 2. Detection of EqPV-H (A) and the cellular calibrator gene TTC17 (B) by dPCR in liver samples
#1 and #2. Each panel represents a separate experimental chamber on a chip where the reaction
mix containing DNA from liver samples (1:20 dilution for TTC17) was segregated into individual
droplets and assessed for the presence of EQPV-H and TTC17. e: positive samples; e: negative signals,
respectively. The blue line designates the arbitrary fluorescence threshold separating the signals
from background.

Table 2. Digital PCR determination of cellular viral load.

TTC17 Copies/uL EqPV-H Cellular Viral Load
Sample i Coviesliil,
(1:20 Dilution) opies/n Virus/Cells GE/10° Cells
#1 1515 £ 6.1 7.54 +1.81 1/201 5.0 x 103
#2 784 £4.7 746 £1.42 1/105 9.5 x 103

For each of the two intestines, only for one of the three technical replicates a real-time
PCR signal was obtained. This indicated that the amount of virus in the sample was at the
detection limit of the assay.

3.3. Clinical History and Pathological Findings of Horses with EqPV-H Positive Liver Tissue
3.3.1. Case #1

A 21-year-old Warmblood gelding was referred to the University Equine Hospital
of the Vetmeduni Vienna due to acute colic and anorexia. The gelding was in good body
condition. Clinical examination revealed an elevated heart and respiratory rate (heart
rate: 64 beats/min; respiratory rate: 44 breaths/min), mildly elevated rectal temperature
(38.1 °C), prolonged capillary refill time and diminished gastrointestinal sounds. De-

12
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pendent peripheral oedema of the distal extremities and ventral abdominal oedema were
present. The following plasma liver enzymes and liver associated blood-biochemical param-
eters were measured in this case and were within normal limits: glutamate-dehydrogenase,
gamma-glutamyltransferase, triglycerides and total protein. Albumin concentration was
reduced (14.1 g/L, reference range: 24 to 45 g/L). Diagnostic workup was highly suspicious
for abdominal neoplasia and the horse was euthanised. On necropsy severe ascites and
a whitish, firm, indistinctly circumscribed mass with the dimensions of approximately
5cm x 5em x 15 em was found which was located between stomach and spleen as well
as multiple, similar, nodular masses, up to 6 mm in diameter. Masses were attached to the
serosa of the abdominal cavity and visceral serosa of liver, spleen and intestine, within
the liver and spleen parenchyma and the perirenal fat. Histologic examination of these
masses revealed well differentiated epithelial tumour cells arranged in tubules with mucus
secretion, surrounded by intensive desmoplasia (Figure 3A). In some locations metaplastic
ossification of the stromal tissue was also evident. The single-layered, cuboidal to columnar,
mucus-secreting tumour cells were bearing hyperchromatic, round or ovoid, basal ori-
ented nuclei (Figure 3B). Mitotic figures were present in low numbers. On histopathology,
the masses were diagnosed as ductal adenocarcinoma with stromal osseous metaplasia
and transcoelomic peritoneal metastases. The masses most probably derived from the
intestinal mucosa.

Figure 3. (A,B). Histology of liver sample #1: Adenocarcinoma metastases. (A): Sharply demarcated
infiltration of epithelial tumour cells arranged in tubules surrounded by intensive desmoplasia.
Mucus secretion can be seen within the tubules; bar = 400 um. (B): Single-layered tumour cells
containing round or ovoid, basal oriented nuclei (B); bar = 80 um.

3.3.2. Case #2

A 19-year-old Warmblood gelding was referred to the University Equine Hospital
of the Vetmeduni Vienna for further evaluation of elevated liver enzyme activities and
weight loss. On clinical examination the horse was lethargic, in poor body condition,
normothermic, normocardic and had a physiologic respiratory rate and effort, reddened
mucous membranes, diminished gastrointestinal sounds and a left-sided holodiastolic
heart murmur. Measurement of liver specific plasma enzyme activities detected an ele-
vation of gamma-glutamyl transferase (132 U/L, reference range: <30 U/L), glutamate
dehydrogenase (20.08 U/L, reference range: <13 U/L) and aspartate-aminotransferase
(619 U/L, reference range: <550 U/L).

Transcutaneous abdominal ultrasound revealed hepatomegaly, with the liver being
detectable from the 5th to the 13th intercostal space on the left side of the abdomen. Liver
tissue had an heterogeneous patchy appearance with hyperechoic areas. Multiple rounded,
hyperechogenic, not well-circumscribed and partly vascularised masses of various sizes
were detectable within the liver parenchyma (Figure 4). Ultrasonographic findings were
highly indicative of liver neoplasia. The owners decided against further diagnostics
and opted for euthanasia. Pathological examination detected multiple nodular, firm and
whitish-grey, masses of various sizes up to 20 ¢m in diameter in the liver parenchyma. One
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white, firm, nodular mass with a diameter of 2 cm was found in the lung parenchyma.
Another such mass of 10 cm in diameter was found in the mesocolon. The other organs
were unremarkable. Histologic examination of these masses revealed that they were
comprised of malighant, mesenchymal cells separated by collagenous stroma (Figure 5A),
arranged in a pericapillar and perivascular whorling pattern (Figure 5B). Mitotic figures
were not detected within 10 high-power fields and cellular pleomorphism was low. The
tumour cells immunochistochemically displayed expression of smooth muscle actin and
some of them additionally demonstrated desmin-antigen-reactivity. On the basis of the
perivascular pattern and expression of contractile proteins, the tumour was diagnosed as
metastasising perivascular wall tumour.

ventral

Figure 4. Ultrasonographic image of mass within liver parenchyma. Ultrasonographic image
obtained from the right 14th intercostal space of the abdomen at the costochondral border. Liver
tissue is highly inhomogeneous with a rounded, hyperechoic and weakly circumscribed mass within
the liver parenchyma (: dorso-ventral expansion of the mass).

Figure 5. (A,B). Histology of liver sample #2: Perivascular wall tumour. (A): The masses found in
the liver were comprised of malignant, mesenchymal spindle cells, separated by collagenous stroma;
bar = 400 pm. (B): The tumour cells are arranged in a pericapillar and perivascular whorling pattern,
bar = 80 pm.

4. Discussion

Recently, strong evidence has been presented indicating that EqPV-H is the causative
agent for the onset of Theiler’s disease [7-10,13]. In human medicine, viral infection is one
of the most common causes for hepatitis. Reported hepatotropic viruses include hepatitis A,
B, C, D and E virus, but also non-hepatotropic viruses such as adenovirus, cytomegalovirus
and herpes simplex virus can lead to acute hepatitis and fulminant hepatic failure [21,22].
Depending on the infectious agent and the degree of severity of the disease, histopathologic
findings may include signs of acute or chronic hepatitis, liver cirrhosis, congestion and even
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hepatocellular carcinoma formation [21,22]. As human hepatopathy-associated viruses can
lead to widespread manifestations, the determination of the influence of the hepatotropic
EqPV-H on other liver diseases in equids beside Theiler’s disease and subclinical hepatitis
was the main focus of this investigation.

QOur cohort consisted of 8 normal equine livers and 84 horse/donkey livers with vari-
ous hepatopathies. Only in 2/92 formalin-fixed paraffin-embedded (FFPE) liver sample
EqPV-H DNA was detectable. Both positive cases were diagnosed with abdominal neopla-
sia and liver metastasis. The general weakness and immunosuppression that accompany
neoplastic disease may possibly facilitate secondary infection with EQPV-H. In humans,
cancer is associated with a higher susceptibility to opportunistic infections [23], which may
also be the case in equine patients. Further studies in humans have demonstrated that the
immune response was disrupted with different tumour types and reduced T-cell activation
during viral or bacterial infection has been detected in mice [24]. Thus, EqPV-H may not
only infect horses suffering from neoplastic disease more easily, but also, persistence of the
virus may be supported or even benefit from an insufficient immune response. Further
research is warranted in order to test this hypothesis, as only two livers tested positive for
EqPV-H in this study and therefore cannot provide sufficient evidence.

In human medicine, a few viruses are associated with the onset of tumours. Regarding
the liver, chronic infections with hepatitis B and C viruses can lead to hepatocellular
carcinoma [25]. The question as to whether EqPV-H could potentially be the inciting
cause for the development of primary liver tumours in equids was not the objective of
this study and needs to be evaluated by further research. In our study, both samples that
tested positive for EQPV-H were from horses diagnosed with secondary liver neoplasia.
Only two primary liver neoplasms were included in group 1, and both of these cases that
were diagnosed as adenocarcinoma of the biliary ducts were negative for the presence of
EqPV-H. The remaining samples of group 1 were diagnosed with metastases in the liver,
while the primary neoplasia originated from lymphoma, hamartoma, carcinoma, round
cell neoplasia, leukaemia, hemangiosarcoma, adenocarcinoma, squamous cell carcinoma
and spindle cell carcinoma (Table Al).

Case #1 suffered from a ductal adenocarcinoma with metastases in multiple abdominal
organs, including the liver parenchyma. As liver enzymes were within normal limits,
acute EqPV-H infection was not suspected, and the presence of EqPV-H seemed to be
either a co-incidence or a contributing factor of this horse’s disease. Very low amounts of
EqPV-H could also be detected in the tissue of the spleen, where tumour metastasis was
present, as well as in heart and lung tissue of this horse. This is similar to the findings
of Tomlinson et al. [19], in which EqPV-H DNA was detected in several other tissues
(lung, spleen, kidney, heart and intestine) in addition to the liver. As in our study, of all
the infected tissues, the highest viral load was found in the liver, further supporting the
hepatotropism of this virus. Persistence of the virus was suspected by Tomlinson et al., since
viral DNA was still detected in serum, liver, lung, spleen, bone marrow and other tissues
15 weeks after experimental infection [19]. In analogy, human parvovirus B19 can persist in
serum and tissues for up to years after infection [26-28]. Here, we provide further evidence
for the persistence of EqPV-H in the liver and other organs, supported by an absence of
acute infection in combination with a low concentration of cellular viral DNA. Earlier
studies have detected EqQPV-H DNA in serum samples originating from clinically normal
horses that were in contact with the horses diagnosed with EqPV-H-associated Theiler’s
disease [10,12]. Whether the case presented here might have suffered from unrecognised
hepatitis prior to hospitalisation cannot be determined retrospectively, however, an acute
infection seemed unlikely, as glutamate dehydrogenase and gamma-glutamyl transferase
levels were within normal limits in the serum.

Case #2 was referred due to an elevation in liver specific enzyme activities and ongoing
weight loss. Metastasising perivascular wall tumour was diagnosed on histopathology.
Smooth muscle cells of the colonic wall were suspected as the origin of the neoplasia.
Furthermore, neoplastic cells were noted infiltrating the liver parenchyma. In this case,

15



Viruses 2021, 13, 1599

90f18

only liver and colon samples were stored and available for this study, and EqPV-H was
only detected in the liver tissue. Increased liver specific enzymes can be explained by
the infiltration of liver tissue by neoplastic cells and the resulting damage and cell loss of
liver parenchyma. There was no evidence of inflammation on histopathologic evaluation.
Thus, persistence of the virus in liver tissue or low-grade chronic infection of the horse
seems possible.

Recently, viral loads ranging from 1.26 x 10* GE/million cells to 2.04 x 10° GE/million
cells were reported for FFPE liver samples obtained from four horses suffering from
Theiler’s disease [13]. The diagnosis was based on clinical signs, serum biochemistry
changes and histopathologic findings [13]. In our study, the two liver samples that were
clearly positive for EQPV-H nucleic acid had viral loads of 5 x 10% and 9.5 % 10° GE/million
cells. The viral loads in these two cases were slightly lower than previously described
for acutely infected horses by Vengust et al. [13], which could be another indication of a
chronic infection. This is in line with the study of Tomlinson et al. reporting viral loads
of 1 x 10% to 1 x 10° in liver tissue 5 weeks after experimental infection [19]. Viraemia
developed within a median time period of 2.3 weeks after inoculation of the virus. After
6.5 weeks, eight out of ten horses developed hepatitis, which was defined as two liver
enzymes having values above the reference range [19]. One horse also suffered from clinical
signs including icterus, mild lethargy and inappetence [19]. After 15 weeks, viral loads of
1% 10" to 1 % 10° GE/million cells were still detectable in the liver which again highlights
the possibility that EqPV-H infection can become chronic with persistence of the virus [19],
as was assumed in our two cases, which exhibited low amounts of the virus.

A limitation of this study was the storage of tissue until analysis, which might have
had an influence on measured viral loads. As the study was performed retrospectively,
all tissue samples were stored embedded in paraffin between 1 and 17 years at room
temperature, which could have affected the amount of detectable virus. The two positive
samples derived from horses euthanised in the year 2018 had been stored for two years
until analysis. Even though storage might have impaired the amount of viral DNA, EqPV-H
was successfully detected by the newly designed RT-PCR assay in two livers.

Another interesting fact is that both positive cases were presented to the University
Equine Hospital of the Vetmeduni Vienna in the year 2018 with only one month apart from
each other in February and March, respectively. This might only be a coincidental finding.
An infection during hospitalisation seems unlikely as the incubation period is approxi-
mately 4 to 13 weeks, and both patients were euthanised soon after admission (case #1:
after 3 days, case #2: at the day of admission). Seasonal occurrence of EqPV-H-associated
Theiler’s disease during late summer to early fall months has been reported [10,12,13], but
the exact time and season of infection in the presented cases cannot be determined retro-
spectively. Badenhorst et al. [15] reported an EqPV-H DNA prevalence of 8.9% in sera of
healthy Austrian horses which is similar to the results of other surveillance studies [8,14-18].
Therefore, a considerably higher risk of infection in Austrian horses seems unlikely.

5. Summary

Although this study is limited by the number of positive samples and the retrospec-
tive study design, the results did not find an association between EqPV-H and other liver
diseases apart from Theiler’s disease, as in 82/84 liver samples with histopathologic abnor-
malities, no EqPV-H viral DNA was detectable. Nevertheless, the fact that both positive
samples were detected in the group of 20 horses with neoplastic disease is interesting
and future investigations of a potential association or even interaction between EqPV-H
infection and neoplastic disease may be warranted.
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3. Diskussion

Im Rahmen dieser Doktorarbeit wurden histopathologisch veranderte Lebern von Pferden und
Eseln auf das Vorhandensein von EqPV-H untersucht um Riickschlisse auf dessen Einfluss
auf unterschiedliche Lebererkrankungen abgesehen von der Theiler's Disease ziehen zu

kobnnen.

Kirzlich zeigten mehrere Studien, dass EqPV-H an der Pathogenese der Theiler's Disease
beteiligt ist (Divers et al. 2018; Kopper et al. 2020; Tomlinson et al. 2019a; Tomlinson et al.
2019b; Vengust et al. 2020), jedoch wurde das Virus noch nicht im Zusammenhang mit
anderen Lebererkrankungen bei Equiden nachgewiesen. Auch in der Humanmedizin sind
Virusinfektionen haufig ursachlich fur die Entstehung von Hepatitiden und kdnnen zum
Ausbruch unterschiedlicher Lebererkrankungen fihren. Zu den hepatotropen Viren zéhlen hier
das Hepatitis A, B, C, D und E Virus, aber auch nicht hepatotrope Viren wie das Adenovirus,
Cytomegalievirus und Herpes Simplex Virus kénnen zu einer akuten Hepatitis mit
Leberversagen fuhren (Kwong et al. 2019; Lanini et al. 2019).

Je nach ausldsendem Agens kommt es zu unterschiedlichen Schweregraden der Erkrankung,
zu den histopathologischen Veranderungen zahlen Anzeichen einer akuten oder chronischen
Hepatitis, Leberzirrhose, Leberstauung aber auch die Entstehung von hepatozellularen

Karzinomen (Kwong et al. 2019; Lanini et al. 2019).

In der vorgelegten Studie wurden 8 unauffallige Pferdelebern sowie 84 Lebern von Pferden
und Eseln mit unterschiedlichen Hepatopathien auf das Vorhandensein von EgPV-H
untersucht. In zwei von 92 Formalin-fixierten in Paraffin eingebetteten (FFPE) Leberproben
konnte virale EqPV-H-DNA nachgewiesen werden. Die beiden positiv getesteten Lebern
stammten von Pferden mit abdominalen Tumorerkrankungen und Metastasen in der Leber.

Daraus resultiert die Frage nach einem Zusammenhang zwischen einer sekundaren Infektion
mit EqQPV-H und Tumorerkrankungen, welche moglicherweise durch die Immunsuppression
und allgemeinen Schwache, welche mit diesen einhergeht, beglnstigt werden kénnte. In der
Humanmedizin konnte bereits nachgewiesen werden, dass Krebspatienten ein erhdhtes
Risiko fur opportunistische Infektionen haben (Klastersky und Aoun 2004). Studien an Mausen
erbrachten Evidenz fir eine Stérung der Immunantwort bei unterschiedlichen Tumorarten mit
einer verminderten T-Zell Aktivierung wahrend viraler oder bakterieller Infektionen (Allen et al.
2020). Dies fuhrt zur Vermutung, dass tumorerkrankte Equiden einerseits anfalliger fur eine
Infektion mit EqPV-H sein kénnten und andererseits eine Persistenz des Virus durch eine

ungenidgende Immunabwehr zusatzlich beglnstigt wird. Ob EqPV-H tatsadchlich an der
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Entstehung von primaren Lebertumoren bei Equiden beteiligt ist, wurde in der vorgelegten
Studie nicht untersucht, sollte jedoch Fokus zukiinftiger Forschungsarbeiten sein. Zu der
Gruppe der neoplastischen Erkrankungen in unserer Studie zahlten nur zwei primare
Lebertumoren (Adenokarzinom der Gallengange), in welchen jedoch keine EqPV-H DNA

nachgewiesen werden konnte.

Die beiden EgPV-H positiven Lebern stammten von Pferden, welche an sekundaren
Leberneoplasien erkrankt waren. Bei Fall #1 wurde ein duktales Adenokarzinom mit
Metastasen in multiplen abdominalen Organen, unter anderem der Leber, diagnostiziert. Die
Leberenzyme im Blut lagen innerhalb der Referenzbereiche, weshalb eine akute EqPV-H-
Infektion unwahrscheinlich war. Eine niedrige Anzahl an viraler DNA konnte auch im
Milzgewebe festgestellt werden, wo ebenfalls Tumormetastasen vorhanden waren, sowie in
Herz- und Lungengewebe.

Auch die Studie von Tomlinson et al. (2020) konnte EqPV-H DNA in verschiedenen Geweben
wie Lunge, Niere, Milz, Herz und Darm zusatzlich zur Leber nachweisen. Aber auch hier zeigte
sich, ahnlich wie in unserer Studie, dass die hdchste Virusmenge in der Leber vorhanden war
(Tomlinson et al. 2020). Eine Persistenz des Virus gilt als wahrscheinlich, da EqQPV-H sogar
15 Wochen nach experimentellen Infektionen in verschiedenen Organen und im Serum
nachweisbar war (Tomlinson et al. 2020). Auch das humane Parvovirus B19 kann nach einer
Infektion bis zu mehrere Jahre im Serum persistieren (Corcioli et al. 2008; Norja et al. 2006;
Sdderlund-Venermo et al. 2002). Mit unserer Studie unterstitzen wir die Vermutung einer
moglichen Persistenz von EqPV-H in der Leber und anderen Organen, da eine akute Hepatitis
aufgrund des klinischen Bildes, der labordiagnostischen Befunde sowie der histologischen
Untersuchung nicht nachgewiesen werden konnte. Eine vorangegangene Hepatitis vor dem
Klinikaufenthalt kann jedoch nicht ausgeschlossen werden.

Fall #2 wurde aufgrund erhdhter Leberenzyme sowie Gewichtsverlust an die Pferdeklinik der
Vetmeduni Vienna Uberwiesen und nach allen Untersuchungen aufgrund des Verdachtes auf
eine intraabdominale Neoplasie euthanasiert. Histologisch zeigte sich ein metastasierender
perivaskularer GefalRwandtumor mit vermutetem Ursprung in der glatten Muskulatur der
Kolonwand. Neoplastische Zellen hatten auch die Leber infiltriert und multiple Metastasen
gebildet. Zur Untersuchung auf das Vorhandensein von EqPV-H-DNA standen Gewebeproben
von Leber und Kolon zur Verfligung, das Virus konnte nur in der Leber nachgewiesen werden.
Die erhohte Aktivitat an leberspezifischen Enzymen in diesem Patienten lassen sich durch die
Infiltration des Lebergewebes mit neoplastischen Zellen und einer damit einhergehenden
Schadigung sowie Zellunterganges des Parenchyms erklaren. Histopathologisch konnten

keine Anzeichen einer akuten Entziindungsreaktion gesehen werden. Auch in diesem Fall
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scheint eine chronische Infektion oder eine Persistenz des Virus im Lebergewebe
wahrscheinlich, da es pathohistologisch keine Anzeichen flr eine akute Hepatitis gab.

In einer kiirzlich publizierten Studie konnte eine Viruslast von 1,26 x 10* Genom Aquivalenten
(GE) pro Millionen Zellen bis 2,04 x 10° GE/Millionen Zellen aus FFPE Leberproben von vier
Pferden, welche an der Theiler's Disease erkrankt waren, nachgewiesen werden (Vengust et
al. 2020). Die Diagnosefindung stlitzte sich hier auf die klinischen Anzeichen, Veranderungen
der Blutchemie und histopathologische Auffalligkeiten (Vengust et al. 2020).

In unserer Studie hatten die beiden positiven Lebern eine Viruslast von 5 x 10% und 9,5 x103
GE/Millionen Zellen, somit also etwas geringer als die kirzlich beschriebene Viruslast bei akut
infizierten Pferden (Vengust et al. 2020). Dies kénnte wiederum ein mdglicher Hinweis auf das
Vorhandensein einer chronischen Infektion sein. Auch Tomlinson et al. (2020) detektierte eine
Viruslast von 1 x 10* bis 1 x 10° GE/Millionen Zellen im Lebergewebe von experimentell
infizierten Pferden finf Wochen nach Infektion. Eine Viramie konnte 2,3 Wochen nach
Inokulation des Virus nachgewiesen werden (Tomlinson et al. 2020). Nach 6,5 Wochen hatten
8/10 in der Studie eingeschlossenen Pferde eine Hepatitis entwickelt, welche durch den
Anstieg mindestens zweier Leberenzyme Uber den Referenzbereich definiert wurde
(Tomlinson et al. 2020). Eines der Pferde entwickelte zusatzlich klinische Anzeichen einer
Hepatitis mit l|kterus, Lethargie und Inappetenz. Da selbst 15 Wochen nach der
experimentellen Infektion eine Viruslast von 1 x 10" bis 1 x 10° GE/Millionen Zellen in den
Lebern der infizierten Pferde nachgewiesen werden konnten, spricht dies fur eine chronischen
Infektion mit Persistenz des Virus (Tomlinson et al. 2020), wie es auch in unseren beiden
Fallen vermutet wurde, in denen ahnlich niedrige Viruslasten gefunden wurden.

Limitiert wurde unsere Studie durch die Lagerung der Gewebeproben, welche die Analyse
bezlglich der Viruslasten eventuell beeinflusst haben kénnte. Nachdem es sich hierbei um
eine retrospektive Forschungsarbeit handelte, wurden die FFPE Leberproben Uber einen
Zeitraum von einem bis 17 Jahren bei Raumtemperatur gelagert, was moglicherweise zu einer
Beeintrachtigung der Anzahl an viralen Genomkopien gefuhrt haben kdnnte. Die beiden
positiven Lebern stammten beide von Pferden, welche im Jahr 2018 an der Pferdeklinik der
Vetmeduni Vienna euthanasiert wurden und bis zur Analyse im Jahr 2020 zwei Jahre lang
gelagert wurden. Trotz des moglichen Einflusses der Lagerung auf die Anzahl der
nachweisbaren Virus-DNA konnte in diesen zwei Proben erfolgreich EqPV-H-DNA mittels des
neu entwickelten real-time PCR Assays nachgewiesen werden, die Viruslast konnte
anschlieend mit digitaler PCR quantifiziert werden.

Wie bereits erwahnt, wurden beide positiven Falle im Jahr 2018 mit nur einem Monat Abstand
an der Klinik vorstellig. Eine Infektion wahrend des Klinikaufenthaltes erscheint jedoch

unwahrscheinlich, da die Inkubationszeit vermutlich zwischen 4 und 13 Wochen liegt und beide
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Patienten kurze Zeit nach Aufnahme an der Klinik euthanasiert wurden (Fall #1 nach 3 Tagen,
Fall #2 am Tag der Aufnahme). Ein saisonales Auftreten von EqPV-H assoziierter Theiler's
Disease im Spatsommer und zu Herbstbeginn wurde bereits beschrieben (Baird et al. 2020;
Tomlinson et al. 2019b; Vengust et al. 2020), der exakte Infektionszeitpunkt kann jedoch in
den beiden positiv getesteten Fallen retrospektiv nicht mehr ermittelt werden. Die EqPV-H-
DNA-Pravalenz liegt in den Seren gesunder Osterreichischer Pferde bei 8,9% (Badenhorst et
al. 2021) und somit in einem ahnlichen Bereich wie in anderen Landern (Altan et al. 2019;
Divers et al. 2018; Lee et al. 2021; Lu et al. 2018; Lu et al. 2020; Meister et al. 2019b; Moraes
et al. 2021), es besteht somit kein wesentlich erhdhtes Risiko einer Infektion fir die

Osterreichische Pferdepopulation.

Obwonhl diese Studie durch die Anzahl an positiv getesteten Leberproben sowie aufgrund ihres
retrospektiven Designs gewisse Limitationen mit sich bringt, konnten die Ergebnisse zeigen,
dass EqPV-H keinen wesentlichen Einfluss auf andere Hepatopathien abgesehen von der
Theiler's Disease zu haben scheint, da in 82 von 84 histopathologisch veranderten Lebern
keine EqPV-H-DNA detektiert werden konnte. Dennoch ist die Entdeckung, dass beide positiv
getesteten Lebern von Pferden stammten, welche mit intraabdominalen Neoplasien
diagnostiziert wurden, interessant und sollte in zukinftigen Forschungsprojekten naher
untersucht werden, um herauszufinden, ob es einen mdéglichen Zusammenhang zwischen

EqPV-H-Infektionen und dem Auftreten von neoplastischen Erkrankungen gibt.
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4. Zusammenfassung

Das 2018 erstmals isolierte equine Parvovirus-Hepatitis (EqQPV-H) steht im Zusammenhang
mit dem Ausbruch der potenziell tédlich verlaufenden Theiler's Disease, einer Erkrankung,
welche zu einer akuten Hepatitis fuhrt, welche in einem Leberversagen enden kann. EqPV-H
konnte aus Serum- und Leberproben erkrankter und experimentell infizierter Pferde isoliert
werden und wird im Blut gesunder subklinisch infizierter Pferde detektiert.

Ob EqPV-H auch im Zusammenhang mit anderen Lebererkrankungen beim Pferd steht, sollte
mit dieser Forschungsarbeit beantwortet werden.

Das Ziel dieser retrospektiven Studie war es, Leberproben von Pferden und Eseln mit
histopathologischen Veranderungen auf das Vorhandensein von EqPV-H zu untersuchen und
die Viruslast mittels Quantifizierung zu bestimmen.

Hierfir wurden aus dem Archiv des Instituts flr Pathologie Formalin-fixierte, in Paraffin
eingebettete (FFPE) Lebern von Pferden und Eseln, welche in den Jahren 2003 bis 2019 an
der Pferdeklinik der Vetmeduni Vienna euthanasiert wurden auf das Vorhandensein
unterschiedlicher Leberpathologien Gberpriift.

Die in diese Studie eingeschlossenen Lebern wurden anhand ihrer histopathologischen
Auffalligkeiten in folgende Gruppen eingeteilt: neoplastische (n=20) und entzindliche
Lebererkrankungen (n=24), Leberzirrhose (n=5), zirkulationsbedingte Lebererkrankungen
(n=4) und toxisch/ metabolische Lebererkrankungen (n=14). Jene Proben, welche
histopathologische Veranderungen von mindestens zwei der genannten Gruppen aufwiesen
wurden unter ,multiple Erkrankungen® zusammengefasst (n=17), womit die Anzahl aller
erkrankten Lebern 84 ergibt. Weitere acht unauffallige Leberproben dienten als Kontrolle.
Nach DNA-Extraktion der FFPE Proben, wurden diese mit einem daflr speziell entwickelten
Assay sowohl qualitativ als auch quantitativ mittels real-time PCR und digitaler PCR auf EqPV-
H-DNA untersucht. In zwei Leberproben konnte Virus-DNA nachgewiesen werden, beide
Lebern stammten von Pferden, welche mit intraabdominalen Tumoren und Lebermetastasen
diagnostiziert wurden. Die Viruslast betrug 5 x 10° Genom Aquivalente (GE) pro Millionen
Zellen (Probe #1) und 9,5 x 10® (Probe #2) GE/Millionen Zellen.

Die Menge an vorhandener Virus-DNA spricht flr eine chronische Infektion oder eine
Persistenz von EqPV-H, welche moglicherweise durch neoplastische Erkrankungen
beglnstigt oder sogar geférdert wird. Zusammenfassend konnte mit unserer Studie kein
Nachweis erbracht werden, dass EqPV-H abgesehen von der Theiler's Disease noch mit
anderen Lebererkrankungen in Verbindung steht. Dass EqPV-H ausschlie3lich bei zwei

Pferden mit intraabdominalen Neoplasien und Lebermetastasen gefunden wurde, ist jedoch
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durchaus interessant und der mdgliche Einfluss des Virus auf neoplastische Erkrankungen

sollte in zukinftigen Studien naher untersucht werden.
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5. Summary

There is compelling evidence that EqPV-H, which was first detected in the year 2018, is
associated with the onset of Theiler’s disease, an acute and potentially life-threatening hepatic
necrosis in horses. Since then, EQPV-H was isolated from serum and liver samples of diseased
and experimentally infected horses, furthermore, it could be detected in blood samples of
subclinical infected horses. However, the impact of this virus on other hepatopathies remains
unknown and was the focus of this research.

The objective of this retrospective study was to evaluate the prevalence and quantify the viral
loads of EqPV-H in formalin-fixed, paraffin-embedded (FFPE) equine and donkey livers with
various histopathologic abnormalities. Therefore, the samples archive of the Institute of
Pathology was searched for horses and donkeys that were euthanised between 2003 and
2019 at the University Equine Hospital of the Vetmeduni Vienna with various liver pathologies.
The pathologies included neoplastic (n=20) and inflammatory diseases (n=24), cirrhosis (n=5),
circulatory disorders of the liver (n=4) and toxic and metabolic hepatic diseases (n=14).
Samples that were simultaneously diagnosed with at least two histopathologic features were
assigned to the multiple disease group (n=17), leading to a total number of 84 samples. Eight
normal liver samples were included for comparison as controls.

After the extraction of viral nucleic acid of the FFPE samples, EqPV-H DNA was qualitatively
and quantitatively measured by real-time PCR and digital PCR using a specially designed
assay. The virus was detected in two livers originating from horses diagnosed with abdominal
neoplasia and liver metastasis. Viral loads were 5 x 10° genome equivalents (GE) per million
cells (sample #1) and 9.5 x 10° GE/million cells (sample #2). The amount of viral nucleic acids
measured indicates chronic infection or persistence of EqPV-H, which might have been
facilitated by the neoplastic disease. In summary, this study did not provide evidence for EqPV-
H being involved in hepatopathies other than Theiler’s disease, but the fact that both positive
samples originated from horses diagnosed with intraabdominal neoplasia and liver metastasis
is interesting and further research on the influence of EqPV-H on neoplastic diseases may be

warranted.
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6. Abkurzungsverzeichnis

DNA Desoxyribonukleinsaure

EqPV-H Equines Parvovirus-Hepatitis

FFPE Formalin-fixiert, in Paraffin eingebetteten

GE Genome equivalents/ Genom Aquivalente

dPCR digital polymerase chain reaction/ digitale Polymerase-Kettenreaktion
PCR polymerase chain reaction/ Polymerase-Kettenreaktion
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