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Canine parvovirus (CPV or CPV-2) and feline pan-
leukopenia virus (FPV) are variants of Carnivore 

protoparvovirus 1 and major pathogens of domestic 
and wild carnivores. The linear, single-stranded DNA 
genome contains 2 open reading frames that encode 2 
nonstructural and 2 capsid proteins (1).

FPV and CPV are closely related antigenically 
and genetically (≈98% identity at the nucleotide lev-
el) but differ in host range and pathogenicity. These 
biological differences are determined by amino acid 
mutations in the VP2 capsid protein (2). CPV-2 anti-
genic variants 2a, 2b, and 2c are able to infect felids 
and cause FPV-like disease (2). FPV is believed to 
be incapable of infecting dogs but has been shown 
to replicate in some canine tissues after experimen-
tal oronasal infection (3). Furthermore, studies have 
reported the presence of FPV in dogs with CPV-like 
gastroenteritis (4–8).

The Infectious Diseases Unit, Department of 
Veterinary Medicine, University of Bari, Italy, has 
performed routine screening and characterization 
of canine samples for CPV and FPV since the mid-
1990s and has combined traditional virological and 
molecular techniques to differentiate between FPV 
and CPV types 2a/2b and 2b/2c (9). During 2019–
2021, we screened and typed ≈1,000 Carnivore pro-
toparvovirus 1 strains from cats and dogs. In 2021, 

FPV was unexpectedly identified in dogs from epi-
demiologically unrelated cases. We identified FPV 
in a blood sample obtained from a 1-year-old dog 
from Giza, Egypt, that had an unexplained fever 
(case A) and in fecal samples from 3 dead adult 
dogs in Teramo, Italy (case series B). The dogs from 
Italy had severe gastrointestinal symptoms that 
the attending veterinarian initially suspected were 
from poisoning.

Because finding FPV in dogs is unusual, we 
analyzed the samples by using 2 PCR primer sets 
that differentiated between canine and feline cyto-
chrome b genes (10). We confirmed that the FPV 
samples were of canine origin. Moreover, toxico-
logic analysis of the 3 dogs in case series B excluded 
a diagnosis of poisoning, and other enteric canine 
pathogens were excluded as causes of the gastroin-
testinal symptoms by using culture and molecular 
assays. We performed immunofluorescence analy-
ses of tissue from the small intestines of the 3 dogs in 
case series B and detected parvoviral antigens in ep-
ithelial cells (Appendix Figure 1, https://wwwnc. 
cdc.gov/EID/article/28/9/22-0388-App1.pdf). At-
tempts to isolate the virus by infecting feline or ca-
nine cell lines were unsuccessful, likely because of 
low viral titers.

To acquire complete viral genome sequences 
of samples from each case, we performed genom-
ic PCR by using LA Taq polymerase (Takara Bio, 
http://www.takarabio.com). PCR products were 
used for library preparation. We performed adap-
tor ligation of genomic DNA by using the Ligation 
Sequencing Kit (Oxford Nanopore Technologies, 
https://nanoporetech.com) according to the man-
ufacturer’s guidelines. Sequencing was performed 
by using the FLO-MIN106D Flow Cell, R9 version, 
and MinION Mk1C sequencing platform (Oxford 
Nanopore Technologies).

We obtained complete sequences of coding re-
gions for the virus strains from Italy (ΙΤΑ/2021/164-
1; GenBank accession no. OM638042) and Egypt 
(EGY/2021/139-188; GenBank accession no. 
OM638043). The ΙΤΑ/2021/164-1 and EGY/2021/139-
188 strains were characterized as FPV on the basis of 
sequence and phylogenetic analyses. We aligned ami-
no acid sequences for VP2 from FPV, CPV, and the 
dog-associated FPV strains from Italy and Egypt to 
determine biological differences between the variants 
(Figure). We identified an I101T aa substitution in our 
cases that is likely associated with host range deter-
mination (Figure) (2). The FPV strains from Italy and 
Egypt segregated into different phylogenetic clusters 
(Appendix Figure 2).
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Canine parvovirus and feline panleukopenia virus (FPV) 
are variants of Carnivore protoparvovirus 1. We identified 
and characterized FPV in dogs from Italy and Egypt using 
genomic sequencing and phylogenetic analyses. Cost-
effective sequencing strategies should be used to moni-
tor interspecies spread, evolution dynamics, and potential 
host jumping of FPV.



FPV has been recently reported in Pakistan, Viet-
nam, Thailand, and China in dogs that had gastroen-
teritis (4–8). These viruses were characterized as FPV 
after partial or complete sequence analysis of the gene 
encoding VP2. A unique K93N substitution mutation 
involved in host range control (2) was identified in an 
FPV strain in Thailand (4), and I101T mutations were 
found in dog-associated FPV strains from Vietnam 
(5) and China (6). As noted, the I101T mutation was 
also found in our dog-associated FPV strains. I101 has 
been observed in prototypical FPV strains, whereas 
T101 has been found in recent FPV isolates (5). The 
I101T substitution has also been observed in CPV-2 
and its variant CPV-2a and is believed to be a further 
adaptation of CPV to the canine host (2).

In conclusion, we identified FPV from unrelated 
cases in dogs. In case A, fever was the only clinical 
sign in a young dog, whereas a fatal systemic syn-
drome with enteric signs occurred in 3 adult dogs in 
case series B. However, the role of FPV in these cases 
remains unclear. Adoption of cost-effective sequenc-
ing strategies in recent years has demonstrated that 
residual circulation of FPV or FPV-like viruses occurs 
in dogs in some settings. Genomic sequencing and 
further phylogenetic analyses can be used to monitor 
the spread, evolution, and potential host jumping of 
Carnivore protoparvovirus 1 variants in domestic and 
wild carnivores.
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Figure. Genetic differences in feline panleukopenia virus in dogs from Italy and Egypt. Amino acid residues in the capsid protein VP2 
differed between FPV, CPV-2, CPV-2a, CPV-2b, and CPV-2c variants of Carnivore protoparvovirus 1. Colors indicate variant origins of 
amino acid residues. We identified an I101T aa substitution mutation in FPV from these dog-associated cases. CPV, canine parvovirus; 
FPV, feline panleukopenia virus. 
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Trichodysplasia spinulosa polyomavirus 
(TSPyV) is an alphapolyomavirus whose pri-

mary clinical manifestation in a posttransplant 
setting is folliculocentric papular cutaneous erup-
tions, typically involving the face (1). Identification 
of TSPyV nucleic acids in tonsillar tissue has led 
to the speculation that lymphoid tissue might be a 
latency site (2); however, some disagreement exists 
in the literature as to whether the clinical diagnosis 
of trichodysplasia spinulosa reflects primary infec-
tion or reactivation of latent virus (3,4). Although 
cutaneous disease is the primary clinical manifes-
tation of infection, TSPyV has been identified in 
blood, urine, cerebrospinal fluid, tonsils, and re-
spiratory specimens by various methods, includ-
ing nucleic acid detection, immunohistochemistry, 
and electron microscopy (2,4–6). TSPyV DNA loads 
can be high, especially in blood (up to 108 viral cop-
ies/mL), months before the appearance of typical 
trichodysplasia spinulosa skin lesions (4).

This case study was part of a larger project ap-
proved by the Stanford Institutional Review Board 
(approval no. 58311) designed to explore oncogen-
esis by alphapolyomaviruses. We identified rare 
cases on our next generation sequencing panel of 
solid tumors with off-target, high quality reads that 
aligned to the TSPyV genome. We hypothesized 
that some of these cases might represent TSPyV-
mediated neoplasms. Our cases comprised 1 patient 
with metastatic lung adenocarcinoma involving the 
brain (case 1), 1 patient with meningioma (case 2), 
and 1 patient with a metastatic perivascular epithe-
lial cell tumor involving the liver (Table). It is un-
clear whether the mental status changes observed in 
cases 1 and 2 were attributable to viral infection or 
were secondary to the tumors (Table). All 3 patients 
received steroids immediately preceding resection. 
We performed in situ hybridization using a custom 
RNAScope probe that targeted the complete TSPyV 
viral genome (GenBank accession no. NC_014361.1) 
and RNAscope 2.5 HD Reagent Kit-RED (Advanced 
Cell Diagnostics, https://acdbio.com) to detect 
TSPyV RNA in cutaneous biopsy specimens. One 
case of cutaneous trichodysplasia spinulosa was 
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We describe 3 patients in California, USA, with tricho-
dysplasia spinulosa polyomavirus (TSPyV) infection of 
endothelium after steroid administration. We detected 
TSPyV RNA in tissue specimens by in situ hybridiza-
tion, which revealed localization to endothelial cells. 
These cases suggest  that diseases associated with 
endothelial inflammation could be associated with 
TSPyV infection.
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Appendix Figure 1. Immunofluorescence analyses of feline panleukopenia virus in small intestines of 

dogs from Italy. We prepared 3 μm-thick sections of formalin-fixed, paraffin-embedded samples of small 

intestine from 3 adult dogs in Italy (case series B) for immunofluorescence analyses. The dogs had 

severe gastrointestinal symptoms and died. Canine parvovirus (CPV) and feline panleukopenia virus are 

antigenically similar variants of Carnivore protoparvovirus 1. Therefore, we used an anti-CPV antibody 

(1:50 dilution, rabbit polyclonal antibody) and a fluorescein isothiocyanate-conjugated goat anti-rabbit IgG 

secondary antibody (1:100, ThermoFisher Scientific, https://www.thermofisher.com) to detect Carnivore 

protoparvovirus 1 antigens. A) and B) Representative images of parvoviral antigens detected in epithelial 

cells of atrophic villi of the small intestine of the 3 dogs; control sections of dog intestinal tissues were 

negative. Scale bar indicates 10 µm.  
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Appendix Figure 2. Phylogenetic differences for feline panleukopenia virus in dogs from Italy and Egypt. 

Bayesian phylogenetic tree based on ORF2 of Carnivore protoparvovirus 1. We aligned a 1,755 

nucleotide sequence of ORF2 from the dog-associated FPV strains identified in this study with cognate 

sequences of Carnivore protoparvovirus 1 strains retrieved from GenBank. Posterior output for the tree 

was derived by using a general time-reversible model, proportion of invariable sites, gamma distribution 

of rate variation across sites, and subsampling frequency of 1,000. Posterior probability values >95% are 

indicated at the tree nodes. Black arrows indicate the dog-associated FPV strains ΙΤΑ/2021/164–1 

(GenBank accession no. OM638042) and EGY/2021/139–188 (GenBank accession no. OM638043) 

identified in this study. Scale bar indicates nucleotide substitutions per site. CPV, canine parvovirus; FPV, 

feline panleukopenia virus; ORF2, open reading frame 2. 


