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Summary

Background: Equine parvovirus-hepatitis (EqPV-H) has been proposed as the etiologic cause of 

Theiler’s disease, also known as serum hepatitis. EqPV-H-associated Theiler’s disease has not 

been previously reported in Europe.A
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Objectives: To determine whether EqPV-H infection was associated with a 2018-2019 outbreak 

of Theiler’s disease in four horses on a stud farm. 

Study design: Descriptive case series.

Methods: The medical records of four horses from the same farm diagnosed with fatal Theiler’s 

disease were examined retrospectively. Information collected included a clinical history, physical 

examination findings, tetanus antitoxin exposure, serum biochemistry, and necropsy reports. Liver 

tissue from all four horses were tested for EqPV-H using PCR and in situ hybridisation (ISH) 

assays. 

Results: Three of the horses had a history of recent (7-11 weeks) tetanus antitoxin administration. 

Liver tissue from all four horses tested positive for EqPV-H with PCR. In situ hybridisation 

revealed a widespread distribution of viral nucleic acid in hepatocytes in one case, and a more 

sporadic distribution in the remaining three cases. 

Main limitations: Case controls were not available from the farm in question given the 

retrospective nature of analysis.

Conclusions: This case series documents the first reported EqPV-H-associated Theiler’s disease 

in Europe and the first use of ISH to visualise the viral nucleic acid in liver tissues of horses with 

Theiler’s disease. 

Introduction

Theiler’s disease, also known as equine serum hepatitis or idiopathic acute hepatitis, is an 

often-fatal disease of adult horses that was first described in 1918 in South Africa by Sir Arnold 

Theiler [1]. Since the original report, serum hepatitis has been described in horses worldwide and 

is associated with the administration of a number of equine biologic products including tetanus 

antitoxin [2-8], botulinum antitoxin [9], pregnant mare’s serum [3], equine plasma [10], 

Streptococcus equi antiserum [3,11], and more recently, allogeneic stem cell preparations [12]. 

Horses that are in contact with equine biologic-associated Theiler’s disease cases have also been 

reported to develop disease, suggesting that it is both an infectious and contagious disease [1,13].

Equine parvovirus-hepatitis (EqPV-H), a novel equine parvovirus of the genus 

Copiparvovirus, was recently discovered in a case of biologic-associated Theiler’s disease [14]. 

The virus was identified in the serum and liver of the affected horse and in the administered 

tetanus antitoxin. Experimental infection of two horses with this antitoxin resulted in EqPV-H 

viremia and hepatitis [14]. A follow-up prospective study on Theiler’s disease demonstrated the A
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detection of EqPV-H in 18 consecutive cases of equine serum hepatitis [12]. The authors also 

described the detection of EqPV-H in 9 out of 10 cases of suspected Theiler’s disease that 

occurred in the absence of any recent equine origin blood biologic product administration [13]. 

Another study examining 18 batches of commercial equine serum demonstrated the presence of 

EqPV-H DNA in samples from multiple countries of origin including the USA, Canada, New 

Zealand, Italy, and Germany [15]. EqPV-H has also been identified in the serum of horses in 

China, suggesting a broad geographical distribution [16].  

Our first aim was to determine whether these four cases of Theiler’s disease were 

associated with EqPV-H infection, which has not been reported in Europe to date. The second aim 

was to use in situ hybridisation (ISH) to demonstrate the presence of EqPV-H nucleic acid within 

the diseased tissue. 

Materials and Methods

Case collection

Within a period of 11 months, four cases of Theiler’s disease were diagnosed and treated 

on a single stud farm. Only the first two cases were housed in-contact with each other. The 

remaining two horses were on the same farm but housed separate from each other. Case inclusion 

criteria was a diagnosis of Theiler’s disease based on the acute onset of clinical signs associated 

with fulminant hepatic failure, clinicopathologic evidence of hepatitis, and post-mortem findings 

characteristic of Theiler’s disease [12]. The diagnosis of Theiler’s disease was made prior to 

submission of samples for viral testing. Post-mortem and histopathologic examinations were 

performed on all four cases.  Liver samples were transported as formalin-fixed, paraffin-embedded 

(FFPE) tissue blocks for further analysis. 

Polymerase Chain Reaction Testing and Serum Biochemistry

Viral nucleic acids were extracted from FFPE liver of all 4 horses with Thermo Fisher 

RecoverAll™ Total Nucleic Acid Isolation Kit for FFPE (Catalogue no. AM1975)a. Real-time 

PCR for EqPV-H DNA was performed using the primer pair EqPV-3218/3386R, [12,13] using a 

Path-ID RT-PCR kit (Catalogue no. 4442137)a with cycling conditions of 10 min at 48°C, then 10 

min at 95°C, followed by 40 cycles of 15 sec at 95°C and 60 sec at 60°C. Testing FFPE liver for 

non-primate hepacivirus (NPHV) which is also called equine hepacivirus (EqHV) or hepacivirus 

A, Theiler’s disease-associated virus (TDAV, aka pegivirus D), and equine pegivirus (EPgV, aka A
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pegivirus E) was also performed using real-time PCR, as previously described [12,13]. Three 

different lots of the commercial tetanus antitoxin were used by veterinarians on the affected 

premises, during the case period, and were available for testing. Information on the specific 

antitoxin lot that was administered to each horse was not recorded. Tetanus antitoxin samples were 

tested for EqPV-H using the same PCR protocol as described above. To generate amplicons for 

sequencing, a nested PCR for EqPV-H DNA was performed with initial primer set EqPV-H 

ak5/ak6 and second round EqPV-H ak7/ak8 primers [14] using Q5 High-Fidelity 2X master mix 

(New England Biolabs Catalogue no MO494S)b. First round cycling conditions were 98°C for 30 

sec, followed by 40 cycles of 98°C for 10 sec, 56°C for 30 sec and 72°C for 90 sec. Second round 

cycling was identical with exception of an increase in annealing temperature to 60°C. Sanger 

sequencing was performed at the Cornell University Biotechnology Resource Center. Partial VP1 

sequences generated from cases 2 and 3, and TAT lots 1154, 1951, and 2558, are available in 

GenBank (MN991308-MN991312).

To assess viral load in the FFPE livers, a new PCR was developed. The first PCR detected 

both RNA and DNA. Here, we detected EqPV-H DNA copies only and normalised to cell number 

using primers EqPV-H qVP1 F15/R15 (CACGGTCCCAGGACATTTAC/ 

TCACAGATCGTCCCTACCAC) and EqB2M qF/R (CAGCAGGCAAAGAAGAATCC/ 

CTCTATCCCGTCACCACACC) at 0.3 M. Samples were amplified with Bio-Rad iTaqTM 

Universal SYBR® Green Supermix (Bio-Rad Laboratories, Inc. Catalog no. 1725120)c and 2 µl of 

NA in a 20 µl reaction volume. Serial dilution of plasmids containing EqPV-H VP1 and beta-2 

microglobulin (B2M) amplicons were used as standards and had linear ranges of 101 - 106 

GE/PCR reaction for EqPV-H and 103 - 106 copies/PCR reaction for B2M. Cell count was 

determined as B2M copies / 2. 

Serum biochemistry was performed using an Abaxis VETSCAN VS2 analyserd. The key 

liver-associated serum biochemistry findings are summarised in Table 1.  

In situ hybridisation (ISH)

In situ hybridisation (ISH) probes were designed by Advanced Cell Diagnostics (ACD)e to 

detect a proprietary sequencec of DNA and RNA in the 3001-4177 base pair region of the EqPV-H 

genome (GenBank MG136722) [17]. The 20 probe pairs were designed to target the DNA and/or 

the RNA of VP1 capsid portion of the EqPV-H genome (ACD catalog no 559991, RNAscope® 

Probe- V-EqPV-H-VP1)e. The equine gene PPIB probe (ref. 462351, lot 18038A)e was used as a A
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positive control for the ISH procedure (Figure S1). The labelling was performed according to the 

manufacturer’s protocol for colorimetric ISH for liver tissue (RNAscope® 2.5 HD Detection Kit – 

Red)e. Briefly, the 4 m sections of FFPE tissue were cut, deparaffinised in xylene, washed with 

ethanol, and dried. Slides were treated with H2O2
 e to block endogenous peroxides for 10 min. 

Slides were boiled for 30 min in antigen retrieval solution c and then treated with protease plus c 

for 30 min. Slides were incubated for 2 h with V-EqPV-H-VP1 probes e, followed by 6 

amplification steps with ACD reagents. Slides were developed for 10 min and counterstained with 

Mayer’s haematoxylin (Dako)f. Liver tissue from horses experimentally infected with EqPV-H 

were used as positive control tissue for the EqPV-H probe (Figure S1). Liver tissue from horses 

that tested negative for EqPV-H via PCR were used as negative controls (Figure S1). 

Results

Clinical data and case history

Case 1

A 27-year-old Lipizzaner mare was examined for depression and not following the herd in 

May 2018. She was kept in loose housing with 44 other mares with free access to paddock and 

pasture. She was treated for a premolar (408) fracture 11 weeks (February) prior to the onset of 

illness. The tooth was subsequently extracted. Treatment after simple tooth extraction included 

tetanus antitoxin from a European manufacturer.

On presentation, an impaction colic was suspected due to reduced intestinal motility, and 

the presence of distended colon and dry faeces on rectal examination. The mare was treated with 

intravenous lactated Ringer’s solution (B Braun)g and flunixin meglumine (Finadyne, MSD)h. 

Haematology was consistent with dehydration, whereas serum biochemistry was indicative of 

liver disease and failure (Table 1). AST activity was not reported by the biochemistry analyser due 

to severe icterus. The mare rapidly deteriorated and was euthanised approximately 24 h after first 

clinical signs were noted. 

Case 2

A 12-year-old Lipizzaner mare was examined for severe neurological signs that included 

depression and ataxia. This mare had been housed in-contact with Case 1 and several other mares 

on the farm. The disease developed in October, five months after Case 1. Medical history on the 

mare for the previous two years was available. In this period, she was treated for distal leg A
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lameness, which was managed with nonsteroidal anti-inflammatory drugs, shock wave and laser 

therapy. No tetanus antitoxin treatment was recorded during this period. The mare was vaccinated 

against equine influenza and tetanus (ProteqFlu-Te, Merial S.A.S.)i one and thirteen months prior 

to the onset of clinical signs.

The serum biochemistry results were consistent with liver disease and failure (Table 1). 

Haematology was consistent with dehydration. The mare was treated with lactated Ringers 

solution (B Braun)g and vitamin/mineral/amino-acid solution (Duphalyte, Zoetis Belgium SA)j. 

Further treatment included dexamethasone (Rapidexone, Eurovet Animal Health B.V)k and 

marbofloxacin (Marbocyl 10%, Vetoquinol SA)l. The clinical condition deteriorated rapidly, and 

the mare was euthanised 24 h after the first clinical signs were noted. 

Case 3

A 10-year-old Lipizzaner stallion was presented for depression and ataxia in November. 

The stallion was housed in a loose box with a daily paddock turn out, and had not been in direct 

contact with Case 1 or 2. Seven weeks prior to the onset of neurological signs (September), the 

stallion was treated for head trauma and resulting maxillary fracture. Treatment of the head trauma 

also included tetanus antitoxin from the same European manufacturer as Case 1.

The stallion died soon after the initial clinical examination was performed. Abnormally 

high serum activity of AST, GGT and concentration of bilirubin were detected on a biochemistry 

profile (Table 1). 

Case 4

A 12-year-old Lipizzaner mare was initially examined for anorexia and depression in 

April. She was kept in a loose housing with eight other mares with free access to a paddock and 

had not been in direct contact with Cases 1-3. The mare had her teeth floated in January, nine 

weeks before the onset of illness, and was given tetanus antitoxin from the same manufacturer as 

Case 1 and 3 after her dentistry procedure.

The initial haematological and biochemical profiles were within normal ranges, with the 

exception of AST activity, which was mildly increased at 380 U/L (reference interval 175-340) 

(data not shown). The mare was treated with penicillin-streptomycin (Sustrepen, Dechra 

veterinary products)m and flunixin meglumine (Finadyne, MSD)h, and improved clinically within 

three days. However; severe anorexia and depression reoccurred two weeks later. At that time, the A
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serum biochemistry profile was indicative of liver disease and failure (Table 1). The mare was 

treated with lactated Ringers solution (B Braun)g, vitamin/mineral/amino-acid solution 

(Duphalyte, Zoetis Belgium SA)j, dexamethasone (Rapidexone, Eurovet Animal Health B.V)k, 

marbofloxacin (Marbocyl 10%, Vetoquinol SA)l, flunixin meglumine (Finadyne,  MSD)h, and 

lactulose (Portalac, Belupo)n. The mare developed neurological signs including ataxia and head 

pressing, which progressively worsened over the period of four days, and she was no longer able 

to stand on day 5 of treatment. Consecutive biochemistry profiles showed that total bilirubin 

concentrations remained increased at about 300 μmol/L (reference interval 9-39), whereas 

additional AST and GGT values were not reported by the biochemistry analyser due to severe 

icterus. The mare was euthanised on day five of treatment.

Necropsy and histopathological examination

All four horses were subjected to necropsy examination. Gross lesions, including moderate 

icterus and ascites, were similar in all affected horses. Numerous petechial and ecchymotic 

haemorrhages were scattered on serous membranes of the thoracic cavities. The livers were small, 

flattened and flabby, brown to dark brown, and discoloured by bile pigments. The cut surfaces 

were severely congested with an enhanced lobular pattern. The other internal organs had no 

remarkable gross lesions.

Liver samples were collected during post-mortem examination for histopathology analysis. 

They were fixed in a 10 % neutral buffered formalin, embedded in paraffin, sectioned at 4 μm, and 

stained with haematoxylin and eosin (HE).

Microscopic changes were mostly characterised by the distortion of hepatic lobular 

architecture and massive loss of hepatocytes in centrilobular areas (Fig 1a). Additional 

histochemical stains used to evaluate areas of hepatocyte loss revealed collapse of the reticulin 

framework and no evidence of lobular fibrosis (Figure S2). The remaining hepatocytes, mainly 

scattered in the portal areas, had loss of cellular detail and swollen cytoplasm with vacuolation 

(Fig 1b). Scattered throughout the lobules and portal areas were small numbers of lymphocytes, 

macrophages, plasma cells and fewer neutrophils (data not shown). 

Virology

EqPV-H nucleic acid was detected via real-time PCR [13] in the FFPE liver of all four 

horses. Viral loads were 3.52 x105, 2.89 x104, 2.04 x109, and 1.26 104 GE/ million cells for Cases A
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1-4, respectively.  All liver samples were negative for NPHV/EqHV, TDAV, and EPgV. EqPV-H 

viral nucleic acid was consistently detected throughout the liver tissue of all four horses using the 

ISH probes designed to detect the EqPV-H VP1 genome or transcript. Positive punctate 

hybridisation was most commonly identified within hepatocytes in periportal areas and was 

reduced in the severely necrotic centrilobular regions (Fig 1c). Due to extensive autolytic changes 

in the tissue, differentiation of specific cytoplasmic versus nuclear hybridisation was difficult in 

some cases (Fig 1d). The distribution of the hybridisation was interpreted to reflect a higher 

quantity of viral nucleic acid in regions with remnant hepatocytes and reduced amounts in areas of 

massive hepatocyte loss, as correlated with the H&E findings. 

Three lots of tetanus antitoxin that were reportedly used on the farm during the case period 

tested positive for EqPV-H using real time PCR. A 541 base pair region of the EqPV-H VP1 gene 

was amplified and sequenced for each lot of antitoxin and for Cases 2 and 3. Despite repeated 

attempts using a nested-set conventional PCR, we were unable to amplify VP1 sequences from 

cases 1 and 4, presumably due to the inhibitory effects of formalin fixation. Two of the three 

antitoxin lots sequenced matched each other identically (lots 2558 and 1951). The second lot 

(1951) was most likely given to Cases 3 and 4 according to the attending veterinarians. The 

sequence of this lot (1951) had 99.3% identity (3 of 541 nucleotides different) to Case 3. These 

sequence differences were confounding, and multiple amplifications and sequencing runs were 

performed on lot 1951 to attempt to resolve this discrepancy. The algorithm base call sequences 

were identical for all sequencing runs (n=4). However, on close inspection of the 1951 sequence 

electropherograms we observed minor secondary peaks, specifically corresponding to 2 of the 3 

positions in difference and matching the base calls in Case 3, although these observations were 

inconsistent from one sequencing run to another. We interpret this as an indication that antitoxin 

lot 1951 contains multiple strains of EqPV-H, as might be reasonably expected as commercial 

anti-serum products typically contain sera from more than one donor horse. The third antitoxin lot 

(1154) was most likely given to Case 1 and had an identical sequence to Case 2. Although Case 2 

was not given tetanus antitoxin, it was housed with Case 1. These findings are summarised 

graphically in Figure S3. 

Discussion

The cause of Theiler’s disease had eluded clinicians and researchers since its first 

description over 100 years ago. While a blood-borne virus had long been suspected, it was not A
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until the advent of advanced sequencing technologies that a candidate was identified. Recent 

studies have demonstrated strong evidence that Theiler’s disease is caused by the novel equine 

parvovirus, EqPV-H [12-14]. This descriptive case series demonstrated EqPV-H infection in four 

horses that died of Theiler’s disease. 

All four horses in this cases series had clinical signs, serum biochemistry changes, and 

post-mortem findings consistent with previously reported cases of Theiler’s disease [1-8, 10-14]. 

Commonly reported histopathological features of Theiler’s disease include centrilobular hepatic 

necrosis, cytoplasmic vacuolation of surviving periportal hepatocytes, sinusoidal congestion, small 

numbers of mixed inflammatory cells scattered throughout the parenchyma, and the inconsistent 

presence of ductular reaction and fibroplasia in portal areas [1-8,10-14]. All of these changes were 

appreciated in the cases examined in this series with the exception of a ductular reaction. This 

feature, however, could easily be masked by the autolysis present in the examined sections.

In recent years, four viruses have been implicated in equine hepatitis including EqPV-H 

[12-14], NPHV/EqHV [18-21], TDAV [9], and EPgV [22]. Importantly, all four horses in our case 

series were positive for EqPV-H and negative for NPHV/EqHV, TDAV, and EPgV. Three lots of 

tetanus antitoxin produced by a European manufacturer and used on the farm during this outbreak 

were tested for EqPV-H and were PCR positive, demonstrating the presence of EqPV-H nucleic 

acid within the European equine biologic supply. This is consistent with the findings of Meister et 

al. that described the presence of EqPV-H DNA in European equine serum pools [15]. Based on 

sequence analysis, an unequivocal link between tetanus antitoxin 1951 and case 3 could not be 

established. However, we also found evidence for multiple EqPV-H strains within antitoxin 1951 

leading to the hypothesis that a minor variant dominated in the recipient horse. Alternative 

explanations include that the lot of antitoxin used was mis-identified, the horses acquired EqPV-H 

through other means, PCR amplification or formalin fixation introduced sequence errors [23,24], 

or that the virus mutated in the recipient horse. Given the relatively long duration between 

infection and disease, it is reasonable that a virus could acquire mutations in that time period.

One of the four horses in this case series (Case 2) did not receive an equine biologic but 

was in direct contact with a horse that had received tetanus antitoxin (Case 1). Although the horse 

was vaccinated within the preceding year, the ProteqFlu-Te vaccine (Merial S.A.S.)g used with 

Case 2 does not contain equine biological material and has not been associated with Theiler’s 

disease [25]. Non-biologic-associated Theiler’s disease has been reported previously [12], and 

further highlights the contagious nature of EqPV-H and the potential for outbreaks on farms with A
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Theiler’s disease cases. One study in North America found that all 10 non-biologic-associated 

Theiler’s disease cases reported occurred during the summer to fall season [12]. Vector-borne 

mechanical transmission was proposed as a possible means of natural horizontal transmission 

given the seasonal distribution and the ability of EqPV-H to be transmitted through blood products 

[12]. The horse in Case 2 became ill in October, which is consistent with the proposed 

summer/fall infection and disease pattern [12]. 

In this study, liver infection with EqPV-H was further characterised using a novel ISH 

technique that has become increasingly useful for associating newly discovered viruses with 

pathological changes [26]. A modified form of Koch’s postulates was developed in 1996 to 

address the problems of isolation, reinfection, and re-isolation when using sequence-based 

approaches that have become increasingly common in the era of high throughput next generation 

sequencing [27]. This new postulate stipulates that the nucleic acid sequence should be present 

intralesionally. Here, the use of ISH demonstrated the presence of EqPV-H nucleic acid within the 

liver tissue of affected horses. While the amount of hybridisation varied between cases, all were 

positive. Importantly, control horses without EqPV-H infection were negative for hybridisation 

and liver samples from EqPV-H experimentally infected horses were positive (Figure S1). These 

data further support EqPV-H as the likely cause of Theiler’s disease. However, a limitation of our 

study is that the sample size is small, only limited to one farm, and that we could not include case 

controls from the same farm given the retrospective nature of analysis. As such, further case 

control studies are needed to demonstrate the presence of EqPV-H within the affected liver tissue 

of new and historical Theiler’s disease cases in comparison to both normal horses and horses with 

liver diseases other than Theiler’s disease.  

While Theiler’s disease cases have been described in Europe previously, recent published 

reports of the disease in Europe were not found with a literature search [4]. Our study documents 

the first reported cases of EqPV-H-associated Theiler’s disease in Europe and the first use of ISH 

to confirm the presence of this virus within the diseased liver tissue. 
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Figure legends

Fig 1: Histological and in situ hybridisation results from Case 1 (a and b) and Case 3 (c and d).

a. Loss of centrilobular hepatocytes (asterisk) and an island of remnant hepatocytes (arrow), 

200x, HE. 

b. Cytoplasmic vacuolation of hepatocytes (arrow), 400x, HE.

c. Hybridisation of viral nucleic acid is highest in periportal regions and reduced in 

centrilobular regions where hepatocytes are lost (asterisk in inset), 200x, 1000x inset, 

EqPV-H in situ hybridisation. 

d. Red puncta of hybridisation within the cytoplasm of multiple hepatocytes, 600x, EqPV-H 

in situ hybridisation.

Supporting Information

Figure S1: In situ hybridisation controls with equine liver tissue.

Figure S2: Additional histochemical stains of Case 1.

Figure S3: A graphical summary of sequencing findings from case and tetanus antitoxin (TAT) 

isolates. 
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Tables

TABLE 1:

†Not reported by the biochemistry analyser due to severe icterus.

M = Mare; S = Stallion; LZ = Lipizzaner; TAT = tetanus antitoxin; AST = Aspartate 

aminotransferase; GGT = gamma-glutamyltransferase. 

Case Signalment Clinical 

signs

TAT 

administration

AST (U/L)

Reference range 

175-340

Total Bilirubin 

(μmol/L)

Reference range 

9-39

GGT (U/L)

Reference range 

5-24

1 27-year-old 

LZ M

Depression, 

impacted 

large colon

+ Not reported † 309 110

2 12-year-old 

LZ M

Depression, 

ataxia

- 1537 212 81

3 10-year-old 

LZ S

Depression, 

ataxia

+ 1319 189 49

4 12-year-old 

LZ M

Depression, 

anorexia

+ 1345 74 165
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