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Abstract: An epizootic of canine distemper (CD) virus infection is described among
raccoons and gray foxes in urban Sarasota County, Florida. The epizootic persisted
for 2 years with a total of 114 raccoons and 8 gray foxes being handled by Sarasota
County Animal Control. Virus was isolated from clinically ill raccoons on two
separate occasions, 7 months apart. CD antibodies were detected in 54.5% of a
sample comprising both clinically ill and apparently normal raccoons. The incidence
of CD in dogs in the county did not increase during the 2 year period.

INTRODUCTION

The rapid reduction of wildlife habitat
for land development in Florida has re-
sulted in the intimate association of man
and certain free-ranging wild animal
species, including the raccoon (Procyon

lotor) and gray fox (Urocyon cinereo-

argenteus). This association tends to ac-
centuate the importance of epizootic dis-
eases observed in these wildlife species,
such as outbreaks of rabies in urban
raccoon populations.’ When large num-
bers of sick or dead animals are encoun-
tered in urban areas, the burden for
regulating the situation and for pacifica-
tion of the citizenry usually lies with the
local animal control agencies. These out-

breaks may place undue strain upon the

capabilities of such organizations. This
situation occurred when an epizootic of
canine distemper (CD) was diagnosed
among raccoons and gray foxes in urban
areas of Sarasota County, Florida, dur-
ing 1972 and 1973.

Information concerning the epizootiol-
ogy of CD virus among wildlife popula-
tions is limited, with available data being
largely restricted to clinical signs of
disease and to pathologic changes.’ Virus

transmission presumably is via aerosol or
direct contact. This report presents: (1)
The epizootiologic curve, based on clini-
cal signs, of a CD outbreak in urban
raccoons and foxes, (2) the confirmation
of CD virus as the causative agent, as
established by microscopic examination,
animal inoculation and serology, (3)
results of tests for other possible micro-
bial and chemical etiologies, and (4) the
status of CD in dogs during the epizootic.

MATERIALS AND METHODS

Sarasota County (1,612 km2) is loca-
ted in southwestern peninsular Florida,
bordered by Manatee, DeSoto, and Char-
lotte Counties and by the Gulf of
Mexico. Approximately 81% of the
120,400 residents of the county live along
the gulf coast on a 104 km2 strip of the
land stretching south from the Sarasota-
Manatee County line to the community
of South Venice. The epizootic among
the raccoons and gray foxes was ob-
served within this highly urbanized area.
Clinically ill animals were captured by
personnel of the Sarasota County Ani-
mal Control Unit in response to calls
from alarmed citizens.
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Several methods were employed for
diagnosis. Since an outbreak of rabies
had occurred among raccoons in the
county in I968,� brains from 25 raccoons
and three foxes captured early in the
epizootic were submitted to the Florida
Division of Health (FDH) Bureau of
Laboratories in Tampa and Jacksonville
for rabies examination by both the Negri
body and fluorescent antibody (FA)
techniques. Periodically, animals from
later stages of the epizootic were also
examined for rabies. Brains from some
raccoons were also inoculated intracere-
brally into suckling and weanling Swiss
mice and the mice observed for mor-
bidity and mortality over a 21 day period.

Portions of brains and viscera from
five sick raccoons were placed on dry
ice and in 10% buffered formalin and
submitted to the Florida Division of
Animal Industry (FDA!), Kissimmee
Diagnostic laboratory, for microscopic
examination and for bacterial culture.
Blood samples from six other clinically
ill animals were placed in thioglycollate
broth vacuum bottlesm and incubated for
3 weeks at 37 C at the FDH Bacteriology
Section in Jacksonville. After initial iden-
tification, selected isolants from the blood
were forwarded to the Clinical Bacteri-
ology Unit of the Center for Disease
Control (CDC), Atlanta, Georgia, for
further identification.

Brain tissue from two clinically ill
raccoons captured in September, 1972,
was injected intramuscularly and intra-
peritoneally into a clinically healthy rac-
coon captured in Sarasota County. This
procedure was repeated using brain and
spleen samples from another clinically ill
raccoon captured in April, 1973, and a
raccoon from Duval County in northeast
Florida. Raccoons were observed for 1
month post-inoculation.

Field material and specimens from the
experimental raccoons were forwarded in
10% buffered formalin and on dry ice
to the Histopathology Unit, Veterinary
Services Laboratory, U.S. Department of
Agriculture (VSL USDA), Ames, Iowa.

The formalized tissues were examined
microscopically for lesions. The frozen
tissues were inoculated into two beagles
and three ferrets. One dog was injected
subcutaneously with an inoculum of tis-
sues from a field case while the other
dog was given tissues from an experimen-
tal raccoon. A similar procedure was
used with the ferrets, two were inocula-
ted with field material and one with
experimental raccoon samples. The dogs
were observed for 2 months and the
ferrets for 3 weeks. Pre-inoculation and
post-inoculation sera were obtained from
these animals. At termination of the
observation periods, the animals were
euthanized and their tissues examined
microscopically.

Brains from 23 raccoons were submit-
ted to (1) the Mycology Section of
CDC for histologic examination and
isolation attempts, and (2) School of
Veterinary Medicine, University of Geor-
gia for attempted isolation of Listeria

inonocytogenes. In addition, brain and
visceral tissue from clinically ill and ex-
perimental animals were submitted to
the Department of Veterinary Science,
University of Wisconsin-Madison, for
virus isolation attempts in primary rac-
coon kidney, primary ferret kidney and
BHK-21 cell tissue culture.

Serum samples collected from clinical-
ly ill and apparently healthy raccoons
were also tested for antibodies to various
microbial agents. Serum neutralization
tests for rabies and CD antibodies were
conducted by the Rabies Control Unit,
CDC and the Small Animal Viral Pro-
ducts Unit VSL USDA respectively. He-
magglutination-inhibiting antibody tests
for eastern encephalitis, Venezuelan en-
cephalitis and St. Louis encephalitis were
done by the FDH Virology Section in
Jacksonville. Agglutination tests for can-
ine brucellosis, tularemia and leptospiro-
sis were conducted by the FDH Veter-
inary Public Health Section, while indi-
rect hemagglutination and methylene blue
dye tests for toxoplasmosis were done by
the Parasitic Diseases Branch, CDC.
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indicated by VI.

The tissues for selected clinically ill
raccoons were also tested for arsenic by

FDIA, for lead and thallium by VSL
USDA and for pesticides by FDH Chem-
istry Section.

RESULTS

The epizootic among raccoons and
gray foxes (based on clinical signs) was
first observed in January 1972 and con-
tinued through November 1973, with the
peak number of cases (22 raccoons and
a fox) occurring in September 1972
(Figure 1). During the course of the out-
break, Sarasota County Animal Control
personnel handled 114 raccoons and 8
foxes with similar signs of illness:
dyspnea, ataxia, clonic convulsions,
spasms of the hind legs, ascending para-
lysis, progressive blindness, loss of ap-
petite, emaciation, diarrhea and coma.
Records were not maintained by various
law enforcement agencies within the epi-
zootic area on the number of animals

25

they handled, but it is believed that at
least an equal number of clinically ill
animals were encountered. No age or sex
differences among the afflicted animals
were observed and several ill female rac-
coons were known to have given birth.
These sick animals were non-aggressive
and the vast majority were found along
Phillippi Creek, the main drainage basin
of the county, and Little Sarasota and
Blackburn Bays which receive waters
from Phillippi Creek.

While most animals were killed and
buried, 6 foxes and 37 raccoons were
examined for rabies virus in their brains
and were negative by direct microscopic,
FA and mouse inoculation techniques.
Large, stippled eosinophilic intranuclear
inclusion bodies were observed in the
brain cells of these animals. Serum sam-
ples from four clinically ill and from 18
apparently healthy raccoons captured in
October 1972, were negative for rabies
neutralizing antibodies. During the period
1972-1973, five cases of rabies were re-
ported in the epizootic area, in two bats

J F MA M J J A SON D J FM AM J J A SO N D
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FIGURE 1. Epizootiologic curve of canine distemper outbreak among raccoons (dots) and gray

foxes (stars) in Sarasota County, Florida. Curve is based on clinical signs. Virus isolations
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(Lasiurus floridanus) , two raccoons and
one fox. As opposed to the non-rabid
animals, the rabid raccoons and fox had
aggressive behavior.

Bacterial examination of the brains
and viscera of five raccoons and the
blood of six other animals yielded numer-
ous isolations of bacteria. These isolants
were of the genera Escherichia, Proteus,

Clostridiu,n, Staphylococcus, Strepto-

coccus, Pseudornonas and Bacillus, how-

ever none were considered to be a pos-
sible etiologic agent of the outbreak.
Neither Listeria monocvtogenes nor fungi
were isolated from the brains of 23 rac-
coons.

The two attempts at reproducing the
disease in raccoons were successful, with
incubation periods of 11 and 30 days.
Signs of illness were identical to those
observed in field cases, with the experi-
mental animals surviving 5 and 9 days
after onset of overt disease.

In the experimental raccoons as well as
in field cases, gross lesions were lacking
or confined to irregular areas of conges�
tion in the lungs. Microscopic examina-
tion of tissues revealed focal areas of
hemorrhage and edema in the lungs
along with interstitial or bronchopneu-
monia. Large macrophages were ob-
served in the lung alveoli of some rac-
coons. Eosinophilic cytoplasmic inclu-
sion bodies were found in the epithelial
cells of the bronchi and bile duct and in
the transitional epithelium of the renal
pelvis and urinary bladder. Germinal
centers in the spleen were depleted of
mature lymphocytes. Diffuse focal areas
of demyelination and malacia were ob-
served in sections of the cerebrum and
midbrain. Large gitter cells were noted
in some sections and multinucleated
macrophages were seen in areas of mal-
acia. Glial cells with eosinophilic intra-
nuclear inclusion bodies were present
around the foci of demyelination and
malacia. Based on the microscopic find-
ings, a diagnosis of CD virus infection
was made.

Virus could not be recovered from
the tissues of naturally or experimentally
infected raccoons when inoculated into
primary raccoon kidney, primary ferret

kidney or BHK-21 tissue culture systems.
Clinical symptoms of CD infection were
not observed in either of the innoculated
beagle dogs, however, both animals de-
veloped CD specific neutralizing antibody
titers of at least I : 20 and both had
microscopic lesions of infection with CD
virus.

Of the three CD free ferrets inoculated,
one died before a post-inoculation serum
was obtained. Clinical signs and micro-
scopic lesions of CD were noted in this
ferret. One of the remaining ferrets died
after showing similar clinical signs and
microscopic lesions of CD were observed.
Serologic results in this ferret also in-
dicated the presence of CD virus in the
raccoon tissue inoculum. Although clini-
cal or microscopic evidence of CD was
not observed in the third ferret, pre-
inoculation (less than 1:5) and post-
inoculation (1:20) CD neutralizing anti-
body titers indicated that the virus was
present in the inoculum.

Of 22 naturally infected and apparent-
ly healthy raccoons tested for CD neu-
tralizing antibodies, 12 (54%) had sig-
nificant (greater than 1:5) titers. Sero-
logic reactions against other microbial
agents were few, there being one reactor
to eastern encephalitis, one to tularemia
and one to leptospirosis.

The tissues of sick raccoons were nega-
tive for levels of arsenic, lead and thal-
lium, and pesticide residue levels in
omental fat were low.

DISCUSSION

Clinical signs of CD infection in the
raccoons and foxes resembled the signs
of rabies in these species during the 1968
rabies epizootic. A number of raccoons
captured early in a subsequent outbreak
in 1969 were not rabid but instead were
suspected of being infected with CD
virus. Therefore, when the CD epizootic
began to develop in 1972. Animal Con-
trol personnel had to consider the pos-
sibility of another rabies outbreak. The
financial expense to the county to keep
abreast of the situation was estimated at
approximately 700 man hours with a cost

of $17.50 per animal captured.
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TABLE 1.

Florida. �

Ten year summary of reported cases of canine distemper infection in dogs from

Year Florida Sarasota County

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1884

3631

4579

4162

4153

3800

3234

3453

2916

3144

0

65

86

1

80

69

61

45

43

40

Total 34,956 490

rn Source: Florida Animal Morbidity Report, annual summaries 1964-1973. Published by Veterinary
Public Health Section, Florida Division of Health, Jacksonville, Florida 32201.

From the epizootiologic curve, it
would appear that CD virus was intro-
duced initially into the fox population
and subsequently into the raccoons,
among which 93% of the cases were
observed. The source of the virus intro-
duction is unknown. Most of the raccoon

cases occurred between June and No-
ven�ber 1972, while most of the fox
cases were observed between January
and April 1972 and in January 1973. In
Florida, the greatest incidence of CD
activity among dogs is between July and
December. During the course of the out-
break there was no reported increase in

the number of CD cases in dogs from
Sarasota County (Table 1).

Of the raccoons tested 54% had CD
neutralizing antibodies as compared to
22% and 84% in raccoons from non-
epizootic situations in New York and
Maryland respectively.”8 While other
studies suggest that CD antibodies would
subsequently protect the raccoon from
challenge with virulent virus,4 in the
present study, the disease was reproduced

in a raccoon from Sarasota County with
a CD neutralizing antibody titer of 1:9.
The amount of virus in the inoculum,
however, may have overwhelmed the
animal’s immunological capabilities.

The overall effect of the epizootic on
the fox and raccoon populations is un-
known, since estimates of the relative
densities of the two populations at the
time of the outbreak are lacking. Popu-
lation estimates following the 1968 rabies
outbreak for raccoons in the geographi-
cal area of the CD epizootic ranged
from 0 to 17 animals/km’ �1. Higher
densities did exist prior to the CD out-
break. Also, the number of nuisance calls
involving raccoons received by Animal
Control dropped sharply during the epi-

zootic and did not increase until the mid-
dle of 1973.

The epizootic was not self-limiting, but
spread into the neighboring counties of
Manatee, DeSoto and Charlotte. By the
fall of 1973, the virus had spread into
Glades and southern Highland Counties,
which abut the eastern borders of
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Charlotte and DeSoto Counties re-
spectively. In Glades County, the dis-
ease appeared to be affecting raccoons
primarily, while in Highlands County
foxes seemed to be the main species af-
flicted. The affects of CD on the fox and
raccoon populations in Highlands County
is being monitored by the Archbold Bio-
logical Station in conjunction with the
FDH and the USDA.

The CD epizootic reported here il-
lustrates the point that while certain dis-
ease agents capable of producing mor-
bidity and mortality among wildlife spe-
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