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Simple Summary

A severe disease affected several Dobermann dogs in a kennel in Serbia, near the city of Novi Sad.
Symptoms in the affected dogs included eye and nasal discharge, weight loss, poor coat condition,
liver abnormalities and, in some advanced cases, nervous system signs. Routine testing did not
identify any of the common pathogens that could explain the disease. The aim of this study was to
determine if the cause of this disease is infectious in nature. Using a method that examines all genetic
material in a sample, we detected a virus previously reported in raccoon dogs and foxes. Further
laboratory testing confirmed the presence of this virus in several affected dogs and in blood, urine
and multiple organs, including the kidney, lung, spleen and brain. Healthy dogs from unrelated
locations tested negative. These findings provide the first evidence that domestic dogs can become
naturally infected with this virus. The results are important for veterinarians because they highlight
a possible new infection in dogs and the need to investigate virus transmission between wildlife and
domestic animals.

Abstract

Raccoon dog and fox amdoparvovirus (RFAV) has been reported in raccoon dogs and foxes, but
natural infection in domestic dogs has not previously been documented. During March-April 2026,
samples from affected Dobermann dogs from a kennel near Novi Sad, Serbia, were submitted for
laboratory investigation. After negative testing for canine adenovirus, canine coronavirus,
herpesvirus, parvovirus, distemper virus, influenza A virus, and leptospirosis, metagenomic
sequencing was performed on selected tissues, followed by bioinformatic analysis and targeted
RFAV PCR screening of additional outbreak-associated samples. Affected dogs had prolonged illness
characterized by conjunctivitis with ocular and nasal discharge, occasional blue eye appearance,
progressive weight loss, poor coat quality, biochemical evidence of hepatic injury, and neurologic
signs including paraplegia in advanced cases. Sequencing generated 434,220 reads and identified
multiple RFAV hits; pooled assembly produced a 4,799-bp consensus genome with approximately
97% similarity to known RFAV strains and genome organization consistent with the genus
Amdoparvovirus. REAV DNA was subsequently detected by virus-specific PCR in a epidemiologically
linked dog and across diverse specimen types including blood, urine, kidney, spleen, brain, lung,
testicle, ileocecal lymph node, and throat swabs, whereas clinically healthy unrelated dogs were PCR-
negative.
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1. Introduction

Amdoparvoviruses are members of the family Parvoviridae, subfamily Parvovirinae, genus
Amdoparvovirus [1]. They comprise a growing group of carnivore-associated viruses with small
genomes of approximately 4.8 kb containing major open reading frames encoding nonstructural and
capsid proteins [2]. The prototype amdoparvovirus, Aleutian mink disease virus (AMDYV)), is the best-
characterized member and causes persistent infection with outcomes ranging from subclinical
infection to fatal inflammatory disease in mink and related hosts [2]. Amdoparvoviruses are
epidemiologically important because they are multi-host pathogens and several members of the
genus are capable of crossing host species barriers [2-4. Cross-species transmission has been
documented for AMDYV, skunk amdoparvovirus (SKAV), Labrador amdoparvovirus 1, and other
recently described carnivore amdoparvoviruses, indicating that host plasticity is a recurring feature
of this genus rather than an exception [3,4]. This broad host range is thought to be linked to
macrophage tropism and antibody-dependent enhancement of infection through Fc receptor-
mediated uptake of antibody-coated virions [4,5]. Amdoparvoviruses have been identified in mink,
skunks, foxes, raccoon dogs, red pandas, martens, badgers, and felids, underscoring expanding host
breadth [1-8]. Similar or closely related viruses have infected multiple carnivore hosts in wildlife
systems, including spillover into non-maintenance hosts [6,7]. Amdoparvoviruses are linked to
wasting syndromes, nephritis, vasculitis, hepatitis, pneumonia, and neurologic disease, though
severity varies by host and strain [2,8,9]. Viral persistence, shedding, environmental stability, and
shared habitats can create opportunities for spillover to sympatric wildlife and domestic animals
[5,6]. RFAV is one of the amdoparvoviruses recognized in canids and has previously been reported
in raccoon dogs and foxes [10]. The epidemiology, tissue tropism, and disease expression of newly
described amdoparvoviruses outside mink remain incompletely defined [6,9]. Natural spillover of
pathogens between wildlife and domestic carnivores has become a recurring concern in veterinary
and conservation medicine [11,12] Studies of carnivore viruses at human-modified or farm-linked
interfaces show that domestic animals, wildlife, and captive populations can exchange pathogens,
although transmission intensity varies by virus, host ecology, and contact structure [2,12,13]. Against
this background, unexplained outbreaks in dogs with negative routine diagnostic testing warrant
investigation for atypical or previously unrecognized agents. The present study investigated a severe
outbreak of prolonged multisystemic disease in a Dobermann kennel in Serbia and aimed to identify
the etiologic agent using metagenomic sequencing, characterize the detected virus genomically, and
assess its distribution among affected dogs and specimen types.

2. Materials and Methods

This study was an outbreak investigation of a severe naturally occurring disease affecting
epidemiologically linked Dobermann dogs kept by a professional dog trainer near Novi Sad, Serbia,
during March-April 2026. The investigation combined conventional diagnostic testing, untargeted
metagenomic sequencing, genome assembly and characterization, and targeted PCR screening of
additional samples collected during outbreak follow-up.

2.1. Sampling and Animals

Initial submissions included kidney and whole blood from one affected dog and samples from
an adult female dog and her two puppies; liver and lung tissues were also received from the latter
animals. As the outbreak progressed, additional cases were recognized and a subsequent submission
from another dog included kidneys, liver, spleen, lungs, brain, intestines, tonsils, ileocecal lymph
nodes, whole blood, urine, and throat and rectal swabs Clinically affected dogs exhibited prolonged
disease with ocular and nasal discharge, conjunctivitis, occasional blue eye appearance, progressive
weight loss, poor coat quality, biochemical evidence of hepatic injury, and neurologic signs in
advanced stages.
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2.2. Diagnostic Testing

Because the clinical syndrome was nonspecific, testing for several common canine infectious
diseases was performed. Samples tested negative on repeated occasions for canine adenovirus, canine
coronavirus, herpesvirus, parvovirus, distemper virus, influenza A virus, and leptospirosis.

2.3. Nucleic Acid Extraction and Metagenomic Sequencing

After routine tests were unrevealing, metagenomic high-throughput sequencing was used to
search for a candidate etiologic agent. Nucleic acids were extracted using the IndiSpin Pathogen Kit
(Qiagen, Germany). DNA was extracted from lung, kidney, and liver tissues from an affected dam
and pup. First-strand cDNA synthesis was performed using the RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, USA) with random hexamer primers. DNA was quantified
using a Qubit 4.0 instrument, and libraries were prepared using the Rapid Sequencing Kit V14
(Oxford Nanopore, England) according to the manufacturers’ instructions. Sequencing was
conducted on an Oxford Nanopore MinlON Mk1D device.

2.4. Bioinformatics and Phylogenetics

A total of 434,220 sequencing reads were generated. Reads were filtered using NanoFilt (15) with
quality threshold =9 and minimum length >200 bp. Host reads were removed by mapping against
the dog reference genome (NCBI GenBank accession no. NC_049222.1) using minimap2[16] and
samtools [17]. Cleaned reads were searched against a custom viral-only DIAMOND [18] database,
which yielded multiple amdoparvovirus hits in each sample. De novo assembly with flye [19] yielded
two contigs, and BLASTn analysis showed approximately 97% similarity to raccoon RFAV. To
improve assembly completeness, clean reads from all three samples were pooled and assembled,
followed by two polishing rounds with Medaka [20] to produce a final 4,799-bp consensus genome.
The consensus sequence was deposited in GenBank under accession number PZ348355. BLASTn
reanalysis showed approximately 97% similarity to known RFAV sequences, and genome
organization was consistent with amdoparvoviruses, including two major ORFs encoding NS1 and
VP proteins and an additional smaller ORF. Genome alignment was performed using mafft [21], the
phylogenetic tree was built using iqtree [22] and the resulting analysis was viewed with ITOL [23].

2.5. PCR Screening

Following metagenomic identification of RFAV, a virus-specific PCR described previously [10]
was applied to additional samples collected during the outbreak investigation. PCR used the
HotStarTaq Master Mix Kit (Qiagen, Germany) with annealing at 53 °C for 30 seconds. Each 25-pL
reaction contained 12.5 uL HotStarTaq Master Mix, 0.8 uM of each primer, and 5 uL DNA template.

3. Results

Clinical illness in affected Dobermann dogs was prolonged and multisystemic rather than
peracute. Reported manifestations included conjunctivitis with ocular and nasal discharge,
occasional corneal opacity described as blue eyes, progressive weight loss, poor coat quality,
biochemical evidence of hepatic injury, and neurologic abnormalities including paraplegia in
advanced disease. Repeated targeted testing did not identify common canine viral or bacterial causes
considered relevant to the presentation. Samples were negative for canine adenovirus, canine
coronavirus, herpesvirus, parvovirus, distemper virus, influenza A virus, and leptospirosis on
several testing occasions. Metagenomic sequencing was pursued after routine diagnostics were
repeatedly negative. De novo assembly from lung and liver samples yielded contigs with
approximately 97% BLASTn similarity to raccoon dog and fox amdoparvovirus. Pooling of cleaned
reads enabled reconstruction of a polished 4,799-bp consensus genome, and genome annotation
showed the expected amdoparvovirus organization with major ORFs encoding NS1 and VP proteins
plus a smaller ORF. Phylogenetic analysis supported classification of the strain as a separate RFAV
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variant (Figure 1). Targeted PCR extended the metagenomic finding to additional outbreak-
associated animals and specimen types. RFAV DNA was detected in whole blood, urine, kidney,
spleen, brain, lung, testicle, ileocecal lymph node, and throat swabs from a epidemiologically linked
Dobermann dog. In contrast, clinically healthy dogs from unrelated locations and different breeds
were PCR-negative, and no amplification was seen in tested samples from birds, pigs, bovines, or
cats used during assay evaluation.

4. Discussion

This study provides evidence that domestic dogs can be naturally infected with RFAV originally
described in farmed raccoon dogs and arctic foxes, while subsequent studies identified RFAV or
closely related viruses in additional carnivore hosts [6,10]. Detection in domestic dogs therefore
further expands the recognized host range of this virus. Infection of dogs is biologically plausible
given the multi-host ecology of amdoparvoviruses. Closely related viruses have been detected in
different carnivore species, including maintenance and spillover hosts [3,5,6]. However, the
mechanism enabling RFAV infection of dogs was not investigated in the present study. The clinical
presentation of the affected dogs showed some similarities to disease associated with other
amdoparvoviruses. Wasting and renal involvement have been described in Aleutian disease in mink
and ferrets, while renal, vascular and neurological lesions have been associated with SKAV infection
in striped skunks [8,13,24]. Meningoencephalitis and viral detection in the brain have been reported
in AMDV-infected mink and SKAV-infected skunks [8,24]. These observations provide a relevant
comparison with the paraplegia and brain PCR positivity described above. Detection of RFAV DNA
in blood, urine and multiple internal tissues, including lymphoid tissue, kidney, lung and brain,
supports systemic viral distribution. Detection in throat swabs and urine is epidemiologically
relevant because SKAV has been localized to gastrointestinal, urinary-tract and skin epithelium,
suggesting several potential routes of shedding [7]. Several limitations should therefore be
considered. The investigation included a limited number of outbreak-associated animals, and
complete clinical and pathological data were not available for all dogs. The study did not include
histopathological colocalization of RFAV with lesions, viral isolation, serological testing or
longitudinal measurement of viral loads. The findings therefore establish natural RFAV infection in
domestic dogs and identify a plausible association with multisystemic disease.

5. Conclusions

We identified a RFAV variant in multiple Dobermann dogs during a severe disease outbreak in
Serbia, providing evidence that domestic dogs can become naturally infected with RFAV. The
detection of viral DNA in multiple tissues and epidemiologically linked animals suggests that RFAV
is associated with causing clinical disease in dogs and highlights the potential for cross-species
transmission among carnivores. Additional studies are underway to determine the pathogenicity,
epidemiology, and geographic distribution of RFAV in domestic and wild canids in Serbia.

Author Contributions: Conceptualization, S.S. and T.P.; methodology, V.G., M.Z. and G.L.; bioinformatics
analysis, V.G.; validation, I.P., S.S. and T.P.; formal analysis, S.S., T.P. and V.P.; investigation, T.P. LP. and V.P.;
writing —original draft preparation, V.G. LP. V.P. M.Z; writing—review and editing, S.S. and T.P.; Supervision

T.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the European Union’s Horizon Europe Research and Innovation
Project Pipeline for Rapid Diagnostics of Emergency Transboundary Infectious Diseases (PREPARE-TID, grant
number 101137132). In addition, this study was also funded by the Provincial Secretariat for Higher Education
and Scientific Research Activity of Autonomous Province of Vojvodina, Republic of Serbia (Contract No.
003878144 2025 09418 003 000 000 001 04 004) and by the Ministry of Science, Technological Development and
Innovation of Republic of Serbia, Contract No: 451-03-33/2026-03/200031.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202607.1811.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 July 2026 d0i:10.20944/preprints202607.1811.v1

5o0f 6

Institutional Review Board Statement: This article does not contain any studies with human participants or

animals performed by any of the authors.
Informed Consent Statement: Not applicable.

Data Availability Statement: The sequence data presented in the study are openly available NCBI's GenBank

under the accession number: PZ348355.

Acknowledgments: The authors are extremely grateful to state veterinary inspector Nenad Babic, professional
dog trainer Milos Simeunovic and veterinarian Nemanja Sesevic from veterinary clinic MasterVet (Petrovaradin,

Novi Sad) for their support during the outbreak investigation.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Cotmore SF, Agbandje-McKenna M, Chiorini JA, et al. The family Parvoviridae. Arch Virol. 2014;159:1239-
1247. doi:10.1007/s00705-013-1914-1

2. Jager, M.C., Tomlinson, J.E., Lopez-Astacio, R.A. et al. Small but mighty: old and new parvoviruses of
veterinary significance. Virol J 18, 210 (2021). doi:10.1186/s12985-021-01677-y

3.  Canuti M, Todd M, Monteiro P, et al. Ecology and Infection Dynamics of Multi-Host Amdoparvoviral and
Protoparvoviral Carnivore Pathogens. Pathogens. 2020;9. doi:10.3390/pathogens9020124

4. Canuti M, Mira F, Villanaa D, et al. Molecular ecology of novel amdoparvoviruses and old
protoparvoviruses in Spanish wild carnivorans. Infection, genetics and evolution : journal of molecular
epidemiology and evolutionary genetics in infectious diseases. 2025. doi:10.1016/j.meegid.2025.105714

5.  Canuti M, McDonald E, Graham SM, et al. Multi-host dispersal of known and novel carnivore
amdoparvoviruses. Virus Evolution. 2020;6. doi:10.1093/ve/veaa072

6. Hoeeg FJ, Hammer AS, Eiersted ACB, et al. A Novel Amdoparvovirus of Badgers and Foxes and the
Perpetuation of Aleutian Mink Disease Virus 3 in the Wildlife of Denmark. Pathogens. 2025;14.
doi:10.3390/pathogens14080734

7. Alex CE, Canuti M, Schlesinger M, et al. Natural disease and evolution of an Amdoparvovirus endemic in
striped skunks (Mephitis mephitis). Transboundary and emerging diseases. 2022;69:e1758 - el767.
doi:10.1111/tbed. 14511

8.  Alex CE, Watson K, Schlesinger M, et al. Amdoparvovirus-associated disease in striped skunks (Mephitis
mephitis). Veterinary pathology. 2023;60:438 - 442. doi:10.1177/03009858231173468

9. Zhao], Wan W, Yu K et al. Farmed fur animals harbour viruses with zoonotic spillover potential. Nature.
2024,;634:228 - 233. doi:10.1038/s41586-024-07901-3

10. Shao X, Wen Y, Ba H, Zhang X, Yue Z, Wang K, et al. Novel Amdoparvovirus Infecting Farmed Raccoon
Dogs and Arctic Foxes. Emerg Infect Dis. 2014;20(12):2085-2088. do0i:10.3201/eid2012.140289

11. Martins NB, De Almeida JCN, Gongalves MSS, et al. Occurrence of Typical Domestic Animal Viruses in
Wild Carnivorans: An Emerging Threat to the Conservation of Endangered Species. Transboundary and
Emerging Diseases. 2024;2024. doi:10.1155/2024/3931047

12. Calatayud O, Esperdn F, Cleaveland S, et al. Carnivore Parvovirus Ecology in the Serengeti Ecosystem:
Vaccine Strains Circulating and New Host Species Identified. Journal of Virology. 2019;93.
doi:10.1128/jvi.02220-18

13. Palley L, Corning B, Fox JG, Murphy JC, Gould D. Parvovirus-associated syndrome (Aleutian disease) in
two ferrets. Journal of the American Veterinary Medical Association. 1992;201 1:100-6.
doi:10.2460/javma.1992.201.01.100

14. De Coster W, D’Hert S, Schultz DT, Cruts M, Van Broeckhoven C. NanoPack: visualizing and processing
long-read sequencing data. Bioinformatics. 2018;1;34(15):2666-2669. doi: 10.1093/bioinformatics/bty149.

15. Li H. Minimap2: pairwise alignment for nucleotide sequences. Bioinformatics. 2018;15;34(18):3094-3100.
doi: 10.1093/bioinformatics/bty191.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://www.ncbi.nlm.nih.gov/nuccore/PZ348355
https://doi.org/10.20944/preprints202607.1811.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 July 2026 d0i:10.20944/preprints202607.1811.v1

6 of 6

16. LiH, Handsaker B, Wysoker A, Fennell T, Ruan ], Homer N, Marth G, Abecasis G, Durbin R; 1000 Genome
Project Data Processing Subgroup. The Sequence Alignment/Map format and SAMtools. Bioinformatics.
2009;15;25(16):2078-9. doi: 10.1093/bioinformatics/btp352.

17.  Buchfink B, Xie C, Huson DH. Fast and sensitive protein alignment using DIAMOND. Nat Methods.
2015;12(1):59-60. doi: 10.1038/nmeth.3176.

18.  Kolmogorov M, Yuan J, Lin Y, Pevzner PA. Assembly of long, error-prone reads using repeat graphs. Nat
Biotechnol. 2019;37(5):540-546. doi: 10.1038/541587-019-0072-8.

19. medaka: Sequence correction provided by ONT Research. https://github.com/nanoporetech/medaka.
Accessed 28 April 2026.

20. Katoh K, Standley DM. MAFFT multiple sequence alignment software version 7: improvements in
performance and usability. Mol Biol Evol. 2013;30(4):772-80. doi: 10.1093/molbev/mst010.

21. Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ. IQ-TREE: a fast and effective stochastic algorithm for
estimating  maximum-likelihood  phylogenies. = Mol Biol Evol.  2015;32(1):268-74.  doi:
10.1093/molbev/msu300.

22. Letunic I, Bork P. Interactive Tree Of Life (iTOL): an online tool for phylogenetic tree display and
annotation. Bioinformatics. 2007;1;23(1):127-8. doi: 10.1093/bioinformatics/bt1529.

23. Dyer N, Ching B, Bloom M. Nonsuppurative Meningoencephalitis Associated with Aleutian Mink Disease

Parvovirus Infection in Ranch Mink. Journal of Veterinary Diagnostic Investigation. 2000;12:159-162.
doi:10.1177/104063870001200212

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://github.com/nanoporetech/medaka
https://doi.org/10.20944/preprints202607.1811.v1
http://creativecommons.org/licenses/by/4.0/

