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Herpesvirus-Iike Infection in a Raccoon (Procyon lotor)

A. N. Hamir,’ G. Moser,’ M. Kao,2 N. Raju,3 and C. E. Rupprecht,45 ‘The Department of Pathobiology, School
of Vetennary Medicine, University of Pennsylvania, New Bolton Center, Kennett Square, Pennsylvania 19348, USA; 2lnstitut
f#{252}rVirologie, Diagnostik Abteilung, 1000 Berlin 33, Germany; Department of Pathology, Michigan State University,
East Lansing, Michigan 48824, USA; Department of Microbiology and Immunology, Center for Neurovirology, Thomas
Jefferson University, Philadelphia, Pennsylvania 19107, USA; Present address: Centers for Disease Control and
Prevention, 1600 Clifton Road, Atlanta, Georgia 30333, USA

ABSTRACT: During March 1990, a subadult

raccoon found dead in northeastern Pennsyl-
vania (USA) had gross lesions of multifocal hep-
atitis. Microscopically, multifocal randomly dis-
tributed areas of acute necrosis with intranu-
clear viral inclusions were seen in liver, spleen,
adrenal glands, and tongue. Ultrastructural and
immunoperoxidase results of formalin fixed liv-
er were compatible with herpesvirus infection.
This virus could be unique to the raccoon or
may have been acquired from another species.

Key words: Herpesvirus, Pennsylvania, rac-

coons, Procyon lotor.

During March 1990 while field testing

a vaccinia-rabies glycoprotein (V-RG) re-

combinant virus vaccine for raccoons (Pro-

cyon lotor) at a state gamelands in north-

eastern Pennsylvania , USA (76#{176}30’N,

41#{176}20’W) (Rupprecht et al., 1992), a dead

subadult female raccoon was encountered

with lesions that were compatible with an

infection by a herpesvirus. This raccoon

had been live-trapped by a Tomahawk live

trap (Tomahawk Live Trap Co., Toma-

hawk, Wisconsin, USA) at least two times

previously at approximately 5 and 6 mo

prior to being found dead in the field. At

the time of first capture, it was sedated

with a mixture of 10 mg/kg ketamine

(Veterinary Products, Bristol Laboratories,

Division of Bristol-Meyers Co., Syracuse,

New York, USA) and 0.4 mg/kg xylazine

(Haven, Bayvet Division, Miles Labora-

tory, Inc., Shawnee, Kansas, USA) admin-

istered intramuscularly. It was examined,

ear-tagged, and bled for serologic testing

of rabies virus neutralizing antibodies. On

second capture, it was examined and re-

leased without obtaining any samples.

At necropsy, the carcass was in a good

nutritional state and had gross lesions con-

fined to the liver. The edges of the liver

were slightly rounded, and numerous

white, multifocal, randomly distributed

areas (approximately 1 mm in diameter)

were seen throughout the parenchyma

(Fig. 1). Representative sections of heart,

lung, liver, kidney, spleen, tongue, skin,

adrenal glands, and whole brain were

placed in 10% buffered formalin for his-

topathologic examination. A portion of

proximal spinal cord was collected fresh

and was examined for rabies virus antigen

by a fluorescent antibody (FA) test (Dean

and Abelseth, 1973). No evidence of rabies
was found in this test.

The fixed brain was cut in approxi-

mately 2-mm transverse sections; brain

sections and all other tissue sections were

embedded in paraffin, sectioned at 6 �sm,

and stained with hematoxylin and eosin

prior to light microscopic examination.

Paraffin-embedded sections of liver also

were stained by the streptavidin-biotin

complex (ABC) immunoperoxidase meth-

od (Hsu et al., 1981) to detect pseudorabies

viral antigens. Primary antibody for the

ABC test was obtained from National Vet-

erinary Services, Ames, Iowa (USA) and

consisted of polyclonal antiserum against

pseudonabies. The antiserum was prepared

by injecting a virulent field strain of pseu-

dorabies virus into a pig (Sus serofa). Se-

rum was collected 84 days after inocula-

tion and diluted 1:4 in Earl’s basic salt

medium. As described in Hamir et al.

(1992), formalin-fixed samples of liver were

post-fixed in 1% osmium tetroxide, stained

in blocks with 0.5% unanyl acetate, de-

hydrated in alcohol, and embedded in

epon-araldite plastic (Electron Microscopy

Sciences, Fort Washington, Pennsylvania

19034, USA). Sections were cut at 60 to 90

nm, stained with unanyl acetate and lead
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FIGURE 2. Liver from a raccoon, Pennsylvania,
1990. Note focus of necrosis (N) and the presence of

minimal inflammatory cellular infiltrate. H&E. Bar

= 100 �zm.
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FIGURE 1. Formalin-fixed liver from a raccoon,

Pennsylvania, 1990. Note multifocal randomly dis-

tributed areas (arrows) of necrosis. Bar = 1 mm.

citrate, and were examined by Philips 301

electron microscope (Philips Electronics

Instrument Co., 85 McKee Drive, Mah-

wah, New Jersey, USA).

Microscopically, liver lesions consisted

of many randomly distributed foci of acute

hepatocellular necrosis (Fig. 2). Some of

the viable hepatocytes at the periphery of
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FIGURE 3. Liver from a raccoon, Pennsylvania,

1990. Higher magnification of Figure 2 with intra-

nuclear inclusions in hepatocytes (arrow heads) at the

periphery of necrotic focus (N). H&E. Bar = 50 �sm.

these lesions had marginated chromatin

and contained central eosinophilic intra-

nuclear inclusion bodies (Fig. 3). Within

and around the necrotic foci there were

minimal inflammatory cellular infiltrates

consisting of mononuclear cells (Fig. 2).

Similar necrotic foci and intranuclear in-

clusions also were present in cortical areas

of the adrenal glands and in the spleen. In

the tongue, there were small, deep ulcer-

ations; intranuclear inclusions were ob-

served in epithelial cells present at the

margins of these ulcers.

Incidental lesions in other tissues in-

cluded moderate numbers of protozoal

parasites resembling Sarcocystis sp. in stri-

ated muscles (heart, diaphragm, tongue,

and masseter muscle) and nematode par-

asites resembling Capillaru2 sp. in epithe-

hal mucosa of the tongue. The latter par-

asites did not incite observable inflam-

matory cellular responses and were not as-

sociated with the ulcerations.

Immunohistochemical tests with poly-

clonal antisera to pseudorabies antigen

were negative. On ultrastructural exami-

nation of the inclusion-containing hepa-

tocytes, we observed many intranuclear

viral particles which had dense central

cores (Fig. 4). The virus particles measured

approximately 100 nm and were icoso-
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hedral in shape, thus they were morpho-

logically compatible with herpesvinuses

(Fenner et al., 1987).

We are aware of only two brief reports

which documented multifocal necrotic he-

sions and characteristic herpetic inclusions

in raccoons (Sanger et al., 1978; Maurer

and Nielsen, 1981). In both reports, al-

though the affected raccoon tissues were

examined by electron microscopy, the au-

thors did not test the tissues for the pres-

ence of pseudorabies viral antigen.

Pseudorabies virus can infect many

mammalian species including cattle, sheep,

goats, dogs, cats, and many wild animals

(Fenner et al., 1987). On the basis of ex-

perimental studies, the raccoon is consid-

ered a major reservoir of pseudorabies vi-
ms (Wright and Thawley, 1980). Micro-

scopically, pseudonabies cases had typical

herpes-like lesions in neuronal as well as

non-neuronal tissues (Goyal et al., 1986).

Considering the economic consequences

of pseudorabies to swine production and

present control programs, it is essential to

differentiate histopathologic inclusions of

pseudorabies from other herpesvirus in-

fections. In our case the brain was normal

and pseudorabies antigen was not dem-

onstrated in affected tissues by the ABC

immunopenoxidase method.

Since herpesvirus infection in raccoons

may involve diffuse nonsuppurative en-

cephalitis (Mauner and Nielsen, 1981), it

is important to differentiate this condition

from rabies encephalitis. Rabies has con-

tinued to spread unabated in the north-

eastern United States (Krebs et al., 1992).

To counteract the rabies epizootic, several

oral recombinant viral vaccines for rabies

have been developed (Hamir et al., 1992;

Rupprecht et al., 1986). However, in ad-

dition to conferring protection against ra-

bies, such proposed biologicals must be rig-

orously tested for inadvertent vaccine-in-

duced effects in target and non-target an-

imals (Hamin et al., 1992).

Although typical henpetic lesions were

seen by light microscopy in this raccoon,

and ultrastructurally viral particles com-

FIGURE 4. Electron micrograph. Liver from a
raccoon, Pennsylvania, 1990. Aggregates of herpes-

viral particles are present within an hepatocyte. Bar
= 100 nm.

patible with herpesvinus were observed,

antigen against the pseudorabies virus was

not detected by the ABC immunoperoxi-

dase technique. We were unable to isolate

the etiologic agent because neither fresh

tissues nor acute serum was available from

this raccoon. Since the geographic location

of the gamelands is quite remote, it is un-

likely that domestic animals were the

source of infection for the raccoons. Nev-

ertheless, the specific etiology and epizo-

otiology of this herpes viral infection in

raccoons requires further clarification.

We thank Mrs. B. Lehmann and Mrs.

S. Hindman for technical assistance. This

work was supported by funds from the

Pennsylvania Department of Agriculture

and the Department of Pathobiology, Uni-

versity of Pennsylvania.

LITERATURE CITED

DEAN, D. J., AND M. K. ABELSETH. 1973. The flu-

orescent antibody test. In Laboratory techniques

in rabies, 3rd ed., M. M. Kaplan, and H. Ko-

prowski (eds.). Monograph Series 23, World

Health Organization, Geneva, Switzerland, pp.
73-84.

FENNER, F., P. A. BACHMANN, E. P. J. GIBBS, F. A.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



SHORT COMMUNICATiONS 423

Received for publication 19 September 1994.

MURPHY, M. J. STUDDER, AND D. 0. WHITE.

1987. Herpesviridae. In Veterinary virology.

Academic Press, Orlando, Florida, pp.�339-373.

GOYAL, S. M., R. DROLET, AND P. KING. 1986. Pseu-
dorabies in free-ranging raccoons. Journal of the

American Veterinary Medical Association 189:
1163-1164.

HAMIR, A. N., N. RAJU, AND C. E. RUPPRECHT. 1992.

Experimental oral administration of canine ad-

enovirus (Type 2) to raccoons (Procyon lotor).

Veterinary Pathology 29: 509-513.

H5U, S., L. RAINE, AND H. FANGER. 1981. A com-

parative study of the peroxidase-antiperoxidase

method and avidin method for studing polypep-

tide hormones with radioimmunoassay antibod-
ies. American Journal of Clinical Pathology 75:
734-742.

KREBS, J. W., R. C. HOLMAN, U. HINES, T. W. STRINE,

E. J. MANDEL, AND J. E. CHILDS. 1992. Rabies

surveillance in the United States during 1991.

Journal of the American Veterinary Medical As-
sociation 201: 1836-1848.

MAURER, K. E., AND S. W. NIELSEN. 1981. Neu-

rologic disorders in the raccoon in the north-

eastern United States. Journal of the American

Veterinary Medical Association 179: 1095-1098.

RUPPRECHT, C. E., T. J. WIKTOR, D. H. JOHNSTON,

A. N. HAMIR, B. DIETZSCHOLD, W. H. WUNNER,

L. T. GLICKMAN, AND H. KOPROWSKI. 1986.
Oral immunization and protection of raccoons
(Procyon lotor) with a vaccinia-rabies glycopro-

tein recombinant virus vaccine. Proceedings of

the National Acadamy of Sciences, USA 83: 7949-

7950.
C. A. HANLON, A. N. HAMIR, AND H.

K0PR0w5KI. 1992. Oral wildlife rabies vacci-
nation: Development of a recombinant virus vac-

cine. Transactions of the North American Wild-
life and Natural Resources Conference 57: 439-

452.
SANCER, V. L., E. J. BICKNELL, A. L. TRAPP, E. ROEGE,

W. ROBERTS, AND R. F. LANGHAM. 1978. Viral

inclusions in raccoon liver cells. Journal of Wild-
life Diseases 14: 240-243.

WRIGHT, J. C., AND D. C. THAWLEY. 1980. Role
of the raccoon in the transmission of pseudora-
bies: A field and laboratory investigation. Journal
of the American Veterinary Medical Association
41: 581-583.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use




