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SIGNALMENT/HISTORY: 
A 7-year-old female zoo-housed red panda (Ailurus fulgens) had been clinically healthy and acting normally the previous day, but was found dead in the morning. 

GROSS FINDINGS: 
Necropsy revealed scattered 2- to 3-mm-diameter nodular white foci in the myocardium. 


HISTOPATHOLOGIC FINDINGS: 
Throughout the myocardium and multifocally extending to endocardium and epicardium, there are nodular inflammatory infiltrates composed primarily of histiocytes with fewer lymphocytes, plasma cells, and rare neutrophils. Cardiomyocytes in affected areas are obscured by inflammation or are individualized, with wispy or hypereosinophilic sarcoplasm and pyknotic or karyorrhectic nuclei. The interstitium is variably expanded by increased clear space (edema), and there are zones of increased mature collagen. Rare, scattered macrophages throughout the section contain granular yellow-brown pigment (hemosiderin). 

MORPHOLOGIC DIAGNOSES:

1. Heart: Severe, chronic, multifocal to coalescing lymphohistiocytic and necrotizing myocarditis 
2. Heart: moderate, chronic, multifocal interstitial fibrosis

[bookmark: _GoBack]DISCUSSION:
We attribute this case of myocarditis to infection with a novel, species-specific Amdoparvovirus recently described in red pandas.1 No other infectious agents were seen on routine (H&E) or special stains, and in situ hybridization (ISH) with Red Panda Amdoparvovirus (RPAV)-specific probes demonstrated abundant viral nucleic acid in areas of inflammation. Although specific cell targets are difficult to identify without double-labeling studies, in these lesions virus appears to localize in endothelial cells, histiocytes, and possibly cardiomyocytes. The latter would be particularly surprising given that parvoviruses require active cell division for replication of their genomes, but cardiomyocytes in mature animals are generally considered ‘post-mitotic.’
Persistent Amdoparvovirus infections are increasingly recognized in small carnivores.2–6 They cause a spectrum of clinical manifestations ranging from asymptomatic to severe or fatal disease, but the basis for this variability in outcomes is not well understood. Since the discovery of RPAV in 2018, we have established that infections are widespread (50%) among zoo-housed red pandas, and that clinically normal animals can remain infected and consistently shed virus for years – presumably for life – without apparent clinical signs (manuscript in review). 
Our laboratory has ongoing efforts to characterize the tissue targets and lesions associated with RPAV infection in an effort to better understand the impact of these infections in this endangered species. Among zoo-housed red pandas, pneumonia (in juveniles) and renal and cardiac disease (in adults and geriatric animals) are leading causes of death.7 We suggest that RPAV could plausibly contribute in any or all of these categories, since ISH studies in archived cases have revealed virus in a spectrum of multi-organ inflammatory lesions including myocarditis, pneumonia, interstitial nephritis, and stomatitis. We have also identified putative sites of asymptomatic persistence, including spleen (histiocytes, possible dendritic cells) and gastrointestinal tract (epithelium, subepithelial inflammatory cells). Defining the specific triggers for virulence and the determinants of disease manifestation will be critical for understanding the threat posed by RPAV to this species. 
Zoo-housed red pandas provide a unique opportunity to examine the dynamics of persistent Amdoparvovirus infections in a population under careful long-term management. Amdoparvoviruses have previously been studied mostly in the context of intensive production (mink) and in free-ranging wildlife (skunks). In red pandas, we can draw from years of management records and pathology data to better understand the epidemiology and pathogenesis of these infections. 

REFERENCES:

1.	Alex, C. E. et al. Amdoparvovirus Infection in Red Pandas ( Ailurus fulgens). Vet. Pathol. 55, 552–561 (2018).
2.	Canuti, M., Whitney, H. G. & Lang, A. S. Amdoparvoviruses in small mammals: expanding our understanding of parvovirus diversity, distribution, and pathology. Front. Microbiol. 6, 1119 (2015).
3.	Li, L. et al. Novel amdovirus in gray foxes. Emerg. Infect. Dis. 17, 1876–1878 (2011).
4.	Shao, X.-Q. et al. Novel amdoparvovirus infecting farmed raccoon dogs and arctic foxes. Emerg. Infect. Dis. 20, 2085–2088 (2014).
5.	Canuti, M., Doyle, H. E., P Britton, A. & Lang, A. S. Full genetic characterization and epidemiology of a novel amdoparvovirus in striped skunk (Mephitis mephitis). Emerg. Microbes Infect. 6, e30 (2017).
6.	Canuti, M. et al. Multi-host dispersal of known and novel carnivore amdoparvoviruses. Virus Evol 6, (2020).
7.	Delaski, K. M., Ramsay, E. & Gamble, K. C. Retrospective analysis of mortality in the North American captive red panda (Ailurus fulgens) population, 1992-2021. J. Zoo Wildl. Med. 46, 779–788 (2015).


image1.png




