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Brief Report

Raccoons have adapted well to urban habitats but are suscep-
tible to several pathogens, many of which are zoonotic. 
Unexpected mortality raises concerns for public health and 
wildlife preservation. In July of 2019, a wildlife rehabilita-
tion center in Massachusetts, USA reported the sudden 
deaths of 8 of 9 raccoons. The 4- to 5-mo-old raccoons were 
comprised of both males and females. The orphaned rac-
coons had been found on roads near their deceased mothers 
in 5 separate events in May 2019. Four days after rescue, 5 of 
the raccoons had been vaccinated (Fel-O-Guard Plus 3 [mod-
ified-live feline rhinotracheitis virus, calicivirus, panleuko-
penia virus] and Duramune Max 5 [modified canine 
distemper virus, adenovirus type 2, parainfluenza virus, par-
vovirus]; Boehringer Ingelheim). In June, all of the raccoons 
were vaccinated with Purevax Feline 3 (modified-live feline 
rhinotracheitis virus, calicivirus, panleukopenia virus; 
Merial) or Recombitek C6 (containing a lyophilized suspen-
sion of a recombinant canarypox vector expressing the HA 
and F glycoproteins of canine distemper virus, modified live 
adenovirus type 2, parainfluenza virus, parvovirus, and a liq-
uid suspension of inactivated cultures of Leptospira interro-
gans serovars Canicola and Icterohaemorrhagiae; Merial). 
No obvious clinical signs were observed before the onset of 
sudden death at the end of July.

Five raccoons were submitted for autopsy in fair-to-poor 
postmortem preservation. They weighed 1.3–2.4 kg, and they 
had adequate body condition without evidence of trauma, 
fecal stains on the hair coat, or any other external lesions. On 
gross examination, small and large intestines were mildly to 
moderately distended and contained copious light-yellow, 
pasty-to-watery ingesta or digesta with some gas. The ileoce-
cal lymph nodes were enlarged. Other visceral organs had no 
significant macroscopic findings.

Within the intestine, there was extensive autolysis (Fig. 1), 
obscuring some microscopic detail. The lamina propria was 
collapsed with increased density of the stroma and with small 
numbers of lymphocytes and plasma cells. The numbers of 
crypts were reduced markedly and, in the few visible crypts, 
the lumina were widely distended with degenerate entero-
cytes, a few neutrophils, and necrotic debris. Enterocyte fea-
tures that were observed in many crypts included attenuation, 
syncytia containing intranuclear viral inclusion bodies, and 
plump hyperplastic enterocytes that frequently were piled up 
(Fig. 2). Peyer patches and ileocecal lymph nodes had lym-
phoid necrosis and depletion (Fig. 3). Lungs were congested, 
with subjectively increased numbers of neutrophils in capil-
laries. Significant microscopic lesions were not evident in 
other visceral organs.

Immunohistochemistry (IHC) was performed with a 
canine/feline parvoviral monoclonal antibody (Invitrogen 
CPV1-2A1; Thermo Fisher). There was strong cytoplasmic 
and nuclear immunopositivity within the intestinal crypt 
epithelial cells and in fewer villus enterocytes (Fig. 4). The 
positive signal ranged from a few small dots to diffuse 
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Abstract. Eight of 9 juvenile raccoons at a rehabilitation center died without obvious prior clinical signs. Gross changes 
were unremarkable except for mildly distended intestines. Microscopically, crypt loss, distension, necrosis, and regeneration 
with intranuclear viral inclusions were observed in the small intestine, with marked lymphoid depletion and necrosis in Peyer 
patches and mesenteric lymph nodes. Immunohistochemistry with a canine parvovirus antibody showed intensive signals of 
parvoviral antigens in the crypts and lymphoid germinal centers. Metagenomic sequencing allowed assembly of a complete 
parvoviral genome with >99% identity to canine parvovirus 2a, as well as Salmonella enterica subsp. enterica. Also, S. enterica 
subsp. enterica serovar Thompson with multiple antimicrobial resistance was isolated from the intestinal contents. Concurrent 
infection with parvovirus and Salmonella should be included as a differential diagnosis in raccoons with sudden death.
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staining within the cell (Fig. 5). Peyer patches and lymph 
nodes also contained strong immunopositivity within follicu-
lar dendritic cells, infiltrating histiocytes or macrophages, 
and residual immunoblasts (Fig. 6). IHC for rabies virus 
(Rabies lyssavirus) and canine distemper virus (Canine mor-
billivirus) was negative in the brainstem and the cerebrum at 
the level of the hippocampus.

The first case of our series was tested by conventional 
PCR with canine parvovirus (CPV; Carnivore protoparvo-
virus) VP2-specific primers,7 which resulted in an expected 
657-bp product (spanning nucleotides 940–1670 of the VP2 
gene). The sequence was >99% identical to CPV2a-like 
strains currently isolated from a raccoon (GenBank 
MF069442.1) and several reference strains of CPV2a.4 

Figures 1–6. Parvoviral infection in a raccoon. Figure 1. In the jejunum, the villi were markedly atrophic and necrotic with complete 
loss of enterocytes and were overlaid by mats of bacterial colonies (asterisks). Crypts were either lost, ectatic, or hyperplastic. H&E. Figure 
2. A distended crypt (left) was lined by attenuated epithelial cells with sloughed cells containing intranuclear viral inclusions (arrows), and 
other atrophied crypts (right) were lined by hypertrophic syncytial epithelial cells. H&E. Figure 3. Lymphoid necrosis and depletion in 
an ileocecal lymph node. H&E. Figure 4. Strong signals of parvoviral antigen were detected in jejunal crypts. Parvovirus IHC. Figure 5. 
Strong signals of parvoviral antigen were detected in jejunal crypt cells. Parvovirus IHC. Figure 6. Parvoviral antigens were condensed in 
an indistinct germinal center. Parvovirus IHC.
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Subsequently, metagenomic sequencing was performed on 
pooled intestinal homogenate collected from 5 raccoons. A 
complete parvoviral genome that was >99% identical to 
CPV2a was assembled and submitted to GenBank 
(MW365734). Additionally, several contigs were identified 
as Salmonella enterica subsp. enterica. One strain of Sal-
monella was isolated from pooled intestinal homogenate 
with enrichment procedures.12 In antimicrobial susceptibil-
ity tests, there was resistance to amikacin, cefoxitin, 
clindamycin, gentamicin, and penicillin. Serotyping was 
performed at the National Veterinary Services Laboratories 
(Ames, IA, USA) with the result of S. enterica subsp. 
enterica ser. Thompson.

Along with rabies virus and canine distemper virus, par-
vovirus causes one of the most important infectious dis-
eases of raccoons.3 Occasionally, parvovirus can cause high 
mortality among unvaccinated juvenile raccoon “orphan-
ages” in rehabilitation facilities and animal shelters3; how-
ever, sudden death without expression of diarrhea is 
uncommon. In our cases, there were no obvious clinical 
signs or specific gross findings, leaving the diagnosis 
unclear pending microscopic examination. Although the 
lesions of parvoviral enteritis are well-documented, the 
diagnosis can be challenging, particularly in wildlife, given 
rapid autolysis in the intestine and the unavailability of 
species-specific IHC. Parvovirus has been isolated from a 
raccoon with enteritis; however, viral antigen distribution 
in tissues could not be demonstrated by IHC in a 2010 
study.9 Herein, we demonstrated the tissue distribution of 
parvoviral antigen and correlated it with histologic lesions. 
Furthermore, metagenomic sequencing enabled unbiased 
identification of pathogens and enabled the assembly of a 
complete parvoviral genome. Disruption of the intestinal 
mucosal barrier by parvoviral infection with concurrent 
enteric Salmonella, and likely other opportunistic gut bac-
teria, provided an explanation of unexpected sudden death.

Prior to the onset of sudden death, these raccoons were 
likely asymptomatic Salmonella reservoirs and effective car-
riers, as reported widely in epidemiologic studies.5,10 Various 
Salmonella serovars have been isolated from raccoons, with 
many isolates showing resistance to multiple antimicrobials, 
as noted here. Many serovars, including S. enterica ser. 
Thompson, matched those commonly isolated from humans 
with salmonellosis.5,6,10 Again, the finding of Salmonella in 
the raccoons of our case series raises the concern of public 
health risk of Salmonella transmission and dissemination, 
particularly in urban and suburban areas.

In the 1980s, commercial animal dealers sold raccoons 
to hunters to restock depleted populations. Parvoviral 
enteritis was reported in these raccoons, and close interac-
tion between raccoons and dogs was suggested as a serious 
threat to native raccoon populations.11 Experimental inocu-
lations demonstrated that raccoons are highly susceptible to 
feline panleukopenia virus and mink enteritis virus (merged 
into Carnivore protoparvovirus), but not the prototype of 

CPV,2 suggesting that raccoons potentially serve as inter-
mediates between domestic and wild carnivores. However, 
these hypotheses were not further investigated until 2010 
when a phylogenetic study indicated a group of parvovi-
ruses potentially associated with the emergence of CPV2a 
had been circulating in raccoons for at least 24 y.1 More 
recently, a strain of parvovirus identified in a rescued rac-
coon was closely related to CPV2a,9 as reported in our case. 
These data strongly suggest that raccoons serve as a host 
for parvoviral emergence, cross-species transmission, and 
pandemic diseases.1,8
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