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Introduction

PVs are double-stranded DNA viruses that affect many spe-
cies of animals including humans. They have the potential 
to cause cancer by integrating into the host genome; how-
ever, this is rare in animals and is mainly seen with HPV. 
Raccoons can acquire a species-specific papillomavirus, 
but that viral species is not well-documented, and little is 
known about its pathogenesis.

Only two cases of raccoon PV are documented in the 
scientific literature. One involves a field trial for the V-RG® 
rabies vaccine in Virginia in 1995, in which two out of 53 
raccoons were positive for papillomavirus (Hamir et al. 
1995). In another study, an adult raccoon was captured 
in Toronto, Canada, and tested positive for papillomavi-
rus (Rector et al. 2005). In both cases, the lesions existed 
on the front feet of the raccoons.

Raccoon PV belongs to the Lambda-papillomavirus 
genus, making it related to both COPV and FdPV (Rector 
et al. 2005). Using information from one of the more 
well-studied Lambda-PVs, COPV, we can better under-
stand raccoon papillomatosis. COPV lesions typically are 
exophytic verrucous warts in the oropharynx, meaning 
that they protrude out of the mucous membrane and have 
a cauliflower-like appearance. Lesions start to develop 
at a young age, and typically 75–80% regress sponta-
neously within weeks to months. COPV is transmissible 
by direct or indirect contact, and once a dog acquires the 
papillomavirus, it is typically protected against reinfection 
(Ghim et al. 2000). Lesions in dogs can linger and poten-
tially become carcinogenic; however, this has not been 
noted in raccoons (Sundberg et al. 2004).

The pathogenesis of raccoon papillomavirus is 
unknown, but because of its similarity to COPV in both 
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genetics and clinical signs, the general features of COPV 
can be used as a template for treatment, release, and pre-
vention in raccoons. Clinical similarities include benign 
exophytic areas in the skin, typically found on the feet in 
raccoons as opposed to the oral mucosa in canines. Just 
like COPV, raccoon PV lesions have been noted in juve-
nile animals and are believed to regress in a couple of 
weeks (Sundberg et al. 2004).

Diagnosis of papillomavirus includes recognizing gross 
lesions based on their anatomical location and appearance. 
A simple excisional biopsy of the lesion can be obtained 
to give a presumptive diagnosis on histopathology. 
Immunohistochemistry can be used to give a definitive 
diagnosis. While not utilized typically outside a research 
laboratory setting, monoclonal and polyclonal antibodies 
can be used to establish if the virus present in the lesion 
is responsible for a productive infection, and thus the true 
etiological source of the lesion. Differential diagnoses for 
this lesion include poxvirus, herpesvirus, adenovirus, and 
retrovirus (Sundberg et al. 2004); therefore, it is important 
to identify PVs correctly for contagious or zoonotic rea-
sons. In the case of COPV, the virus is transmissible only to 
other canines and does not pose a threat to humans. COPV 
and raccoon PV are considered self-limiting, so treatment 
is not necessary in most cases (Jun et al. 2010).

History and signs

A juvenile raccoon recovered from a citizen’s backyard 
in New Jersey presented with exophytic firm erosive 
lesions on the bridge of the muzzle and dorsal right front 
digit at Mercer County Wildlife Center in New Jersey 
(Figs. 1 and 2). The raccoon was anesthetized, and an 
excisional biopsy of the right second digit was taken and 

sent to Antech Diagnostics (Levittown, PA) for histopa-
thology analysis.

Diagnosis

A key feature of papillomavirus is the presence of 
koilocytes in the stratum spinosum and stratum gran-
ulosum, the second and third layers of the epider-
mis. Koilocytes are cells with a small, dark basophilic 
nucleus and cytoplasmic clearing that do not take up a 
stain. Other characteristic microscopic lesions of pap-
illomatosis include hyperkeratosis, intranuclear inclu-
sion bodies, epithelial dysplasia, and a hyperplastic 
stratum granulosum (Hamir et al. 1995; Rector et al. 
2005).

Histopathological findings from the toe biopsy were 
consistent with raccoon papillomatosis. In Fig. 3, the 
biopsy contains koilocytes (indicated by the green arrows). 
These cells are mainly present in the stratum spinosum. 
No inclusion bodies are noted, but they can regress in 
later stages of infection. In Fig. 4, superficial epidermal 
proliferation supported by fibrocollagenous cores and 

Fig. 1 Ulcerated firm skin lesion on the bridge of muzzle.

Fig. 2 Ulcerated exophytic lesion on the bridge of muzzle and dorsal 

aspect of the right second digit, where biopsy was taken.
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Fig. 3 Microscopic lesion of the biopsy of the right dorsal second digit. Koilocytes, a hallmark feature of papillomavirus, are indicated by the green arrows. 

They are characterized by cytoplasmic clearing and a small dark nucleus.
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Fig. 4 Characteristic features of papillomavirus include (1) parakeratosis, (2) erosions, (3) fibrocollagenous cores, and (4) papillary-type hyperplasia. 

Features indicative of a secondary superficial pyoderma due to the viral infection include neutrophilic crust (5).
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parakeratotic hyperkeratosis is noted, indicative of a viral 
papilloma infection. In addition, there are multifocal ero-
sions with neutrophils, indicating a superficial bacterial 
pyoderma, typically seen in PVs in wild animals. Further 
analysis to rule out dermatophytes was performed and 
tested negative.

Confirmation of raccoon papillomavirus can also be 
performed via immune-histochemical tests to look for the 
presence of papilloma antigens in koilocytes (Rector et al. 
2005) or a PCR to determine the presence of the virus. 
These tests were not performed in this case.

Treatment and prevention

COPV lesions (related to raccoon papilloma lesions) are 
commonly self-limiting and most will spontaneously 
regress. Although there have been reports that the canine 
virus can become recurrent, it is rare and usually seen 
in immunocompromised patients (Sundberg et al. 2004). 
There have been no reports of raccoons developing neo-
plasms or recurrent infections. Transmission is by direct 
contact, so it is important to keep affected animals sep-
arated until release to prevent spread to other raccoons 
in the facility. The virus can remain on the premises for 
years. The efficacy of different disinfectants has not yet 
been evaluated in non-human PVs, but research on HPV 
suggests aldehyde-based disinfectants are most effective 
(Egawa et al. 2021). A quaternary ammonium disin-
fectant with viricidal properties was used daily to clean 
both indoor and outdoor enclosures where the raccoon 
was held. Once the raccoon was released, the outdoor 
enclosure’s substrate was removed, and the entire enclo-
sure was cleaned with a 1:30 dilute bleach solution. The 
cage was not used for the rest of the rehabilitation sea-
son to prevent possible exposure of other raccoons to the 
papillomavirus.

Treatment and control of PVs are not needed in free 
ranging wildlife; however, the presented raccoon was 
held for treatment with Collasate® silver (PRN Pharmacal 
Pensacola, FL) for the secondary pyoderma and released 
once the ulcer was healed (Fig. 5). Collasate® silver is a 
topical gel including a Type I collagen hydrolysate and 
silver oxide. The gel was applied to the nose lesion and 
biopsy site on the digit only one time to manage the 
secondary pyoderma and promote wound healing. If a 
more extensive secondary pyoderma was evident in the 
presenting raccoon, a systemic antibiotic with no known 
species contraindications would be appropriate (e.g., 
Ceftiofur). The papilloma lesion was not fully regressed 
at the time of release, but indications of regression 
include infiltration of lymphocytes, hyalinization of the 
connective tissue, and eventual sloughing of the tumor 

(Sundberg et al. 2004). Therefore, some scarring may be 
present once regressed.

Summary

A juvenile raccoon presented with ulcerated exophytic 
lesions on the bridge of its nose and second digit of the 
right forelimb. Toe biopsy was taken and sent to histopa-
thology for a definitive diagnosis. Although no inclusion 
bodies were seen in the tissue, the diagnosis of papillo-
matosis was made based on the presence of koilocytes, 
a parakeratotic hyperkeratosis, and a hyperplastic stra-
tum spinosum. Papillomavirus lesions are believed to 
be self-limiting; therefore, the only treatment necessary 
was medical management of the ulcerated skin. Once 
the ulcer was healed, the raccoon was ready for release. 
Papillomavirus lesions in raccoons are typically found on 
the digits, are exophytic, and will regress within weeks. 
Since it is not necessary to hold the raccoon in the facility 
while the lesion regresses, it is important to diagnose both 

Fig. 5 Juvenile raccoon just prior to release. Ulcerations have healed, and 

papilloma has partially regressed.
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gross and microscopic characteristics of the lesions to cre-
ate a better plan for treatment and release.
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