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ABSTRACT

In response to an epidemic of rabies in the mid-Atlantic region, the
Virginia Department of Health and the Consolidated Laboratory Services in 1982,
redesigned their submission forms for animals being tested for rabies in an effort
to elicit detailed information about the epidemiology of rabies in Virginia.

The information collected from those submission forms was used in a
mathematical model analysis of the epidemiology of raccoon rabies in Virginia for
the years 1984 through 1987. Eleven explanatory variables and one response
variable (positivity for rabies) were examined.

The objective of this study was to develop a model, through logistic
regression, that would explain the epidemiology of rabies in raccoons in Virginia,
and determine the risk factors for prediction for positivity for rabies in raccoons in
Virginia. This information would aid further surveillance efforts, preventive
education programs, and in formulating future oral vaccination programs in
raccoons.

Multiway contingency tables were constructed (involving 2,3,4,5,and 6 way
interactions), and log-linear models were fitted using an iterative fitting process to
generate maximum likelihood estimates. The goodness of fit of each model was
judged using the likelihood-ratio-chi-square p value (0.01). The backward
stepwise model selection process was performed on logit models to find the best
fitting model (0.01). The final model consisted of a combination of 17 four
variable term models. Eight of the eleven explanatory variables remained
important risk factors in the prediction of positivity for rabies in raccoons. To
validate the model, it was applied to data collected in the years 1988 through July
1989. The model fit at the 0.01 level. Parameter estimates were calculated for
each term in the model. All eight variables had main order effects (direct) on the
response variable (positivity for rabies). Three second order effects were evident:
age and season, behavior and season, and year and season. Future studies will
involve applications of this model to other species to further explore the

epidemiology of rabies, and to refine the model for practical applications.
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INTRODUCTION

Rabies .... few words in our lexicon have inspired such fear and dread
throughout the ages, whose mark portended a death sentence on all who were
so afflicted. Mad dogs and Englishmen, the whole world in fact, despaired that
this scourge would never be banished, until Louis Pasteur developed and
successfully tested the first rabies vaccine. With the enactment and
enforcement of leash laws and effective vaccination programs in the 1950’s,
domestic rabies cases declined significantly in the U.S. Yet, rabies remains an
important infectious disease today because of its existence in the wildlife
population. The main reservoirs of rabies in the U.S. are the skunk, raccoon,
bat, and fox, with other wild and domestic animals becoming infected through
interaction with these rabid hosts. Because of the economic and public health
significance of rabid domestic animals and the potential for human exposure,

additional surveillence and control programs should be considered.

Rabies has become a geographically localized disease involving five
major endemic foci in the U.S. Each foci usually involves only one primary host.
One major foci is the Mid-Atlantic region where an outbreak of rabies in
raccoons began in 1982. While the number of rabid raccoons has decreased,

the disease continues to spread through Virginia and the surrounding states.

Additional information is needed about the epidemiology of the disease
within the host population, how the virus affects the host, and the maintenance
of the disease in the population and the geographical area. It has been difficult
to obtain information regarding population dynamics and contact rates in the
wild, though laboratory studies and the advent of monoclonal antibodies have
allowed data to be collected about the virus itself. Computer simulation models
and mathematical modeling have been developed in an attempt to understand
and control rabies in the wild. The goals of mathematical modeling are to

predict a dependent variable from a set of independent variables and to



estimate effect (through coefficients) in order to assess the relationship between
the dependent variable and one or more independent variables [Greenberg
and Kleinbaum, 1985]. Previous models have described the epidemiology of
rabies within a population and theorized the effects of different control programs
on that population. Models have been used extensively to evaluate the
dynamics of rabies within the fox population [Bacon and MacDonald, 1980;
Anderson et al., 1981; Voight and Tinline, 1985].

Programs that were originally developed to inhibit the spread of rabies
within the wildlife population, were focused on eliminating the infected reservoir
population. The most common methods of population reduction were by
gassing (i.e., carbon monoxide pumped into fox burrows), poisoning, or
trapping animals within the population, therefore, separating them from possible
susceptible animals [Lewis, 1975]. However, in practice, these methods were
not selective and researchers killed other animal species as well as healthy
animals within the reservoir population [Lewis, 1975]. In addition, when the
population density decreased, new and susceptible animals of that species
often migrated or were born into the less populous area. This only served to

propagate the epidemic of rabies within the area [MacDonald, 1980].

Because these control programs were not extremely successful,
researchers examined other control options. Oral vaccination of the reservoir
population emerged as one possible solution [Macinnes, 1988]. In 1983, field
trials were conducted on fox populations in Europe using an oral vaccine
hidden in "baits” (chicken heads or sausages), and immunization was
accomplished by ingestion of the baits and absorption of the vaccine through
the oral mucosa [Wandeler, 1988]. The attempt proved successful. Today,

Switzerland is now free of rabies except for two small areas [Wandeler, 1988].

Due to the success of immunization in foxes, researchers have

developed an oral vaccine for use in raccoons [Rupprecht et al., 1986].



They have conducted baiting trials (to determine the most attractive bait for
raccoons) and are eagerly awaiting permission to conduct a controlled field
trial [Rupprecht et al., 1988]. For this program or any oral vaccination program
to be successful, careful attention must be given to the proper bait placement

and timing of placement, and target population of the vaccine.

In order to select an appropriate control method, whether it be oral
vaccination of the reservoir population or education of the public,
epidemiologists have depended on surveillance methods to provide an
understanding of the disease and the factors affecting its spread. Surveillance
methods can provide important descriptive information about the epidemiology
of the disease, the host, the enviroment , and their interactions. Accordingly, as
the epidemic of raccoon rabies in Virginia became evident, the Department of
Health established a surveillence system in 1982 by designing a detailed
submission form that was filled out for each animal being submitted for rabies
testing in Virginia. This detailed submission form is still being used by the
Department of Health. The information collected on this form provides an
excellent opportunity to explore the descriptive epidemiology of raccoon rabies
over the subsequent seven years. It offers information for evaluation of
temporal and seasonal patterns, geographical spread, and possible factors

about the endemic and epidemic periods throughout this time.

These data were made available by the Department of Health to the
author of this dissertation for analysis and interpretation. Mathematical
modeling was used to evaluate the epidemiology of rabies in Virginia and to
make some predictions about possible risk factors influencing the likelihood of

rabies positivity in an area.

The purpose of this study was to develop a predictive model that would
determine the possible risk factors affecting positivity of rabies in raccoons in

Virginia from January 1, 1984 through December 31, 1987. The familar



statistics of analysis of variance and linear regression are designed for
continous data. Because this study consists of frequency data, logistic
regression techniques, specifically log-linear and logit models, are used. This

predictive model would serve two purposes:

1) to contribute to the epidemiological explanation
of how these factors interact and affect the
course of the disease in raccoon populations; and

2) to contribute to the ability to predict whether a

raccoon is positive for rabies.

The model developed in this study is a predictive model, but it may also
describe epidemiological phenemona. By determining the risk factors,
knowledge can be gained about temporal trends and the virus within the
population. These trends may encompass both epidemic and endemic periods
within the raccoon population. The resultant model can be applied to other
species to determine differences or similarities in the risk factors, and may
contribute to theories about the "compartmentalization” of rabies within one host

species.

This study, and the resulting model, offers useful information for public
health officials. The information will aid in decisions to be made about
additional and more efficacious surveillance efforts, preventive education
programs, and efforts in designing and implementing oral vaccination
programs. Although this model will give both academic and practical
information, it will take many more years of data collection and evaluation, to
refine the model, increase its predictive and practical value, and to improve its
accuracy of prediction. This study and others are necessary in light of the
endemic reservoirs of rabies, especially if public health officials are to protect
the public and possibly reduce the prevalence of rabies and its risk of infection

of wild and domestic species.



LITERATURE REVIEW
HISTORY

Through over 2000 years of recorded existence, rabies has been a
significant public health concern and an important infectious disease. Rabies
was described as early as 322 B.C. by Aristotle. The first case of rabies
described in the U.S. occurred in 1753, in a dog in Virginia [McLean, 1970].
Later an epidemic of fox rabies occurred in Massachusetts in 1812 [McLean,
1970]. Throughout the 19th century, epidemics of skunk rabies were recorded
in California and Kansas, and fox rabies epidemics were documented in
Alabama [Sikes, 1970].

In the first half of the 20th century, dogs became the most important animal
host of rabies in the U.S. [Sikes, 1970]. The importance of rabies in dogs to
human exposure overshadowed the continual presence of rabies in wildlife.
However, when control measures in the 1950’s reduced rabies in the dog
population, the number of cases in wildlife surpassed those of domestic animals
[Fishbein, 1988]. This was probably due to increased attention by researchers,
as well as an actual rise in the number of wildlife cases [ Winkler, 1986].

Rabid foxes predominated as the main source of rabies cases in wild
animals until 1957, after which the majority of cases occurred in skunks [Carey,
1985]. Skunk cases increased to 1,909 in the U.S. in 1964, and have remained
at high levels with peaks in 1971, 1972, and 1980 [Carey, 1985]. Rabid
raccoons accounted for only a small portion of the wildlife rabies cases (2.7%)
until 1962-1964 when an epidemic occurred in Florida [McLean, 1971]. By
1980, there were 393 cases of raccoon rabies reported in the U.S. [Carey,

1985]. During the mid-Atlantic raccoon epidemic in 1983, raccoons became the

second most important animal reservoir behind skunks, with bat rabies being



third. Prior to this, bat rabies had consistently been the second highest animal
reservoir in wildlife since 1974 [Carey, 1985]. In the U.S., there was a 17%
decrease in wild animal cases in 1987, compared with cases in 1986 [Fishbein
et al.,1988]. This decrease occurred in similar proportions in all three of the
major wild animal hosts:
skunks (2033 cases in 1987, a 15% decrease from 1986
figures)
raccoons (1311 cases in 1987, a 17% decrease from 1986
figures)
bats (623 cases in 1987, a 20% decrease from 1986
figures) [Fishbein et al., 1988].

Today, dogs comprise less than 3% of the reported rabies cases as a result of
vaccination and control programs, while wild animals account for 88% of

reported rabies cases [ Eng et al., 1989].

PATHOGENESIS
The pathogenesis of the rabies virus within the individual animal largely

determines the behavior of the rabies virus within the host population [Murphy,
1988]. This bullet-shaped virus is a member of the Lyssa genus of the
Rhabdoviruses, and is composed of a coiled RNA-containing core structure
(nucleocapsid) surrounded by a lipoprotein membrane or envelope [Tordo and
Poch, 1988]. Spike-like projections, which are 9nm long and separated by 5nm
intervals, extend to the outside surface [Tordo and Poch, 1988]. The protein,
glycoprotein(G), forms the spikes on the surface which are important for
attachment of virions to susceptible cells [Tordo and Poch, 1988]. In addition,

these spikes carry the key antigenic determinants which elicit the production of

protective (neutralizing) antibodies when incorporated in a rabies vaccine



[Murphy, 1986]. One of the most unique features of the rabies virus is that it is
exclusively neurotropic, that is, it specifically attacks and travels through the
nervous system [Charlton, 1988]. Once the virus is introduced through a bite
wound or laceration, the virus begins its migration via peripheral nerves to the
central nervous system (CNS). After several replications, it spreads throughout
the CNS, and begins centrifugal neural transport to other tissues of the body
[Charlton, 1988]. The greatest concentration of virus is found in those organs
with the richest nerve supply [Charlton, 1988].

Most of the clinical signs of rabies are considered to be an expression of
neural dysfunction. Specifically, the virus often affects the limbic system which
regulates an animal’s behavior and actions, and is thus manifested clinically as
passive or aggressive behavior [Kaplan, 1985]. The type of behavior may
depend upon the species affected and upon the course of the infection over
time. Depending upon the time of onset of the disease and the clinically
manifested signs, these aberrant behaviors and actions can facilitate the spread
of rabies [Bacon, 1985). For instance, most people suspect that a skunk or fox
which acts aggressively or attacks humans or other domestic animals is rabid.
But even if an animal appears passive the virus still may be transmitted,
especially if it is a time of communal denning or breeding [Bacon, 1985].
Because there is simultanous centrifugal movements of infection to other
tissues while the virus spreads through the CNS, the concentration of virus

occurs in some tissues and fluids before the onset of clinical signs [Chariton,

1988]. Saliva from clinically normal animals may be infective for several days
(from 1 to 8 days) before the onset of clinical signs [Chariton, 1988]. This
knowledge is used as a basis for public health measures regarding quarantine
and observation of biting animals [Charlton, 1988]. The incubation period for
rabies in animals depends on the species and may have an avefage range of 2
to 12 weeks [Sikes, 1970]. Variability in the incubation period can also be



attributed to the quantity of virus in the saliva, its virulence, the species of the
animal, and the area of the body which was bitten (inoculation site) [Tinline,
1988].

TRANSMISSION

The most common mode of transmission of rabies is through a bite
wound. However, there is also evidence of airborne transmission to both
humans and terrestrial animals within rabies-infected bat caves in the
southwestern U.S. and in laboratories [Baer, 1975]. The virus was transmitted
to sentinel animals placed in a poorly ventillated cave with large colonies of
Mexican free-tailed bats (those insectivorous bats most infected in the U.S.). A
wide range of mammals were infected through aerosol means: red and gray
foxes, opossums, coyotes, and striped skunks [Constantine, 1962]. Winkler and
Hopkins [1972] also reported an unusual outbreak of rabies in a laboratory
animal colony through airbone transmission. This occurred at the Public Health
Services’ South West Rabies Investigational Station Las Cruces, New Mexico;
64 animals died of rabies, including 39 which had no known exposure history.
There were two reports of workers being infected through aerosol transmission
with the rabies virus while working in a laboratory. One occurred in 1972, and
the other case occurred in 1977 [ Winkler, 1973 ; CDC, 19771.

Another hypothesized mode of transmission of rabies is through oral
ingestion of infected tissues [Fischman and Ward, 1968]. In 1970, Correa-Giron
et al. reported mice becoming rabid after being fed rabies-infected tissues. It
has also been reported that the virus may be transmitted transplacentally in
cattle, mice, and skunks, but it seems an uncommon mode [Charlton, 1988].
Finally, there were five cases of rabies transmission in humans reported
through transplants of rabies-infected corneas. Although non-bite transmission
is reported, transmission through bites remains the most significant



epidemiologic mode.

TESTING

Inthe U.S., a direct immunofluorescence antibody (IFA) test is commonly
used for postmortem diagnosis of rabies [Webster and Casey, 1988]. Portions
of the thalamus, pons, hippocampus, and cerebellum are removed at necropsy
and are used to make impression smears, which are stained with a
fluorescein-rabies antibody conjugate/mouse brain suspension [Dean and
Abelseth, 1973]. Both positive and negative controls are used for quality control
purposes. These slides are then examined using a fluorescent microscope
[Webster and Casey, 1988]. If the test results are negative, and there is human
exposure, a mouse inoculation test or tissue culture inoculation is frequently
performed [Lepine, 1973 and Koprowski, 1973]. The former consists of
intracerebral inoculation of mice with a 10% suspension of brain tissue and
either observing for mortality during a 30 day period, or sacrificing the mouse
and testing the brain with the IFA test [Webster and Casey, 1988]. As its
accuracy and reliability have improved, the murine neuroblastoma (NA) cell
culture test is now gaining acceptance and being substituted for the mouse
inoculation test [Webster and Casey, 1988]. This cell culture technique is much
more sensitive to the street virus than are the mice used in the mouse
inoculation test [Webster and Casey, 1988]. The IFA test, if done by properly
trained, experienced personnel, is highly specific and rapid, and has become
the standard test for rabies [Webster and Casey, 1988]. It is as reliable as the
thirty day mouse inoculation test when used to examine fresh specimens, and is
of greater sensitivity for testing decomposing tissues [Beran, 1981].

Monoclonal antibodies

The "compartmentalization” or localization of rabies in primary animal

reservoirs as well as in certain geographic regions has perplexed researchers
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for years. Until recently, there has been an inadequate explanation of this
singular phenomenon. However, the development and use of monoclonal
antibodies has allowed analysis of antigenic differences between strains of
fixed and street viruses, as well as differences among isolates from different
endemic geographic areas [Smith et al., 1984]. The Wistar Institute of Anatomy
and Biology in Philadelphia, Pa., produced and characterized a panel of
nineteen monoclonal antibodies specific for the rabies virus nucleocapsid
antigen [Wiktor and Koprowski, 1978]. The monoclonal antibodies were
obtained by fusion of mouse myeloma cells with spleen cells from mice
immunized with complete rabies virus or viral components [Wiktor and
Koprowski, 1978]. Antirabies antibodies produced by hybridomas expressed
different specificities in their interaction with various strains of rabies virus
[Wiktor and Koprowski, 1978]. Antigenic differences can be seen in both
nucleocapsid protein and glycoprotein of the virus, though the nucleocapsid
protein is the easiest to use and more easily found in the brain [Dietzschold et
al., 1988]. By recording the immunofluorescence reaction of a panel of
monoclonal antibodies to the nucleocapsid protein, characteristic reaction
patterns of a virus from a given outbreak area can be defined, and antigenic
differences in isolates from geographically separate outbreaks can be identified
[Smith et al., 1984]. In addition, the use of monoclonal antibody patterns allows
the epidemiologist to determine the possible source of infection for rabies cases
that occur sporadically in atypical, nonreservoir hosts such as opossums,

woodchucks, or humans [Rupprecht et al., 1987].

DISTRIBUTION
The geographic distributional patterns of wildlife rabies have expanded

during the last decade. Cases seen in species other than the primary reservoir,
are probably due to “spill-over” from the primary host species [Smith and Baer,

1988]. Many of the primary reservoir species appear to have a specific virus
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(ecotype) which has been demonstrated through pathogenicity tests and
antigenic patterns detected by monoclonal antibodies [Smith and Baer,1988].
The compartmentalization of rabies within a primary species has been
recognized repeatedly, but not completely explained. It may reflect the ecologic
isolation between species, unrecognized virus strain differences, the specificity
of strains for one host, or a combination of these and other factors [Smith, 1988].
Today, there are five major rabies endemic areas within the U.S. that have been
established, each with a predominant reservoir animal species and certain viral

ecotypes. They are:

1) the band of northcentral states stretching from Montana to
Wyoming in the northwest, to Tennessee and
Kentucky in the southeast (skunks)

2) the southcentral states including Oklahoma, Texas,
northwest Louisana, Arkansas, and southern Missouri
(skunks, but different rabies ecotype from above)

3) northern California (third focus of skunks with
similar rabies ecotype to northcentral states)

4) the southeast states: Florida, Georgia, Alabama,
South Carolina (raccoons)

5) the mid-Atlantic states: Maryland, Virginia, West
Virginia, Pennsylvania, Delaware, and D.C. (raccoons)
[Smith et al., 1986].

MAJOR HOSTS
Fox

Foxes are the most susceptible species to rabies infection although

cases are infrequent or sporadic, and are highly susceptible to infection by
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airborne transmission [Winkler, 1975]. Since they are so susceptible, it is
unlikely that they develop much immunity or resistance to rabies [Blancou,
1988]. In Europe, epidemiologists have found that foxes are good reservoirs
because of their adaptability in locating denning sites, food selection, and in
their ability to pass natural and constructed barriers [Blancou, 1988]. In Canada
and in Europe, seasonal peaks in March in rabies cases occur annually
[Johnston and Beauregard, 1969; Wandeler et al., 1974]. A secondary peak of
rabies cases in the fall has been reported in Canada related to the time of
weaning and the dispersal of the young [Johnston and Beauregard, 1969;
Tinline et al., 1982]. Cyclic (temporal) epidemics of fox rabies occur every 2 or 4
years in Europe [Toma and Andral, 1977] and every 3 years in the artic fox
populations in Canada [Johnston and Beauregard, 1969; Tinline, 1981]. The
incubation period of the disease in foxes can be extemely variable, but it is
usually 19-28 days [MacDonald and Voight, 1985]. The most common clinical
behavioral signs are fearlessness, aggression, and often confusion [Winkler,
1975]. A high number of attacks on livestock and other domestic animals occur

during the expression of these behavioral signs [Winkler, 1975].

The fox epidemic that occurred in the Appalachian region (involving the
Valley and Ridge Provinces, the Appalachian plateaus, and the Blue Ridge
regions) in the 1960’s has been extensively studied [Carey, 1985]. Beck [1967]
reported that the epidemics lasted for 25-60 months, and that peaks usually
covered 2 summers and one breeding season. Giles et al. [1972] noted that the
rabies cases started to increase in October, which coincided with the dispersal
of young foxes and competition for new territories. Finally, Carey [1974]
observed a six month pattern, and noted that the epidemic seemed to spread to
neighboring counties in a circular pattern. Often the pattern returned to the

original county which was then reporting a decrease in numbers. Finally, Carey
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[1974] pointed out that the Blue Ridge Mountains acted as a barrier for the
epidemic spread. The epidemic spread east or west along the mountains but
did not seem to cross it.

Skunks
In 1985, of a total of 8,113 reported positive rabies cases in the U.S.,

skunks accounted for 40% and raccoons were second at 19% [Charlton, 1988].

The striped skunk has been the most commonly reported rabid wild animal

since 1961 [Fishbein et al., 1988]. Skunk saliva can contain 1000 times more
virus per unit volume than that of foxes; thus, it has a greater potential to be
infective [Prather et al., 1975]. Yet skunks are more resistant than foxes to the
virus and to development of infection [Parker, 1975]. The incubation period of
rabies in skunks is usually 14-90 days [Bacon, 1985]. The combination of long
periods of viral shedding with a high virus titer in the saliva, and frequency of
infection makes the striped skunk an efficient reservoir and disseminator of
rabies in the U.S. [Parker, 1975]. Skunks were the source of virus responsible
for 3 of the 6 human rabies deaths between 1966 and 1970 [Parker, 1975].

The clinical signs of rabies in skunks include aggression, incoordination,
and hyperesthesia [Parker, 1975]. During these periods, the animals react
violently to almost any external stimuli such as sound or movement, and often
attack aggressively [Parker, 1975]. The tenacity with which rabid skunks bite
and hold on to animals, probably contributes to the high transmissibility of skunk
rabies to cattle [Parker, 1975]. They are normally nocturnal, but when rabid,
increase their daytime movement and activities [Parker, 1975]. The skunk
breeding season occurs in late February and March, at which time there is a

peak in rabies cases. Skunks’ denning behavior and their local scavenging
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activity increase the potential for intraspecies spread of rabies [MacDonald and
Voight, 1985]. While there is no measure or specific explanation for fox-skunk
transmission rates, there are three endemic areas where fox-skunk rabies is

predominant:

1) central and southern plains of the U.S. [Parker, 1975]
2) eastern woodlands of the U.S. [Carey, 1985]
3) southern Ontario in Canada [MacDonald and Voight, 1985].

The temporal occurrence of skunk rabies usually lags 3 to 6 months behind fox
rabies [MacDonald and Voight, 1985].

Regarding the raccoon rabies that is endemic in the mid-Atlantic region,
Jenkins and Winkler [1987] reported that at least 50 rabid skunks from 1977 to
1985 were from a 3 county area in southwest Virginia in which skunk rabies has
been endemic for approximately 15 years. This appears to be an extension of
endemic skunk rabies from the midwestern U.S. [Jenkins and Winkler, 1987].
When monoclonal antibody studies were done, the isolate from one of the
southwest Virginia skunks matched isolates from skunks in the midwestern
U.S., but not the raccoon virus ecotype of the mid-Atiantic region [Jenkins and
Winkler, 1987].

Bats

The first case of bat rabies in the U.S. was reported in 1953 [Venters et
al., 1954]. Bats may be responsible for causing isolated, sporadic cases in
domestic and wild species [Smith et al., 1984]. This hypothesis has been

developed through use of monoclonal antibody techniques to identify rabies
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virus ecotypes [Smith, 1988]. Often a rabies case in a “rabies free” area has the
same or similar viral ecotype as bat rabies. Bats are ubiquitous, with the most
intensively investigated bats found in large colonies in caves in the
southwestern U.S. [Carey and McLean, 1983]. Their incubation periods range
from 2-25 weeks [Carey and McLean, 1983]. The increase in the reported
number of rabid bats in North America probably reflects greater interest in
rabies testing because of public fear, rather than a true increase within the bat
population [Burnett, 1989]. The numbers of bat rabies cases seem to remain
endemic at relatively constant levels [Baer, 1975]. Seasonal patterns of
reported rabies cases in bats occur between May and October [Baer, 1975].

The most important question for epidemiologists regarding bats is their possible
role in transmission to terrestrial wildlife and in the maintenance of rabies virus
in the environment [Baer, 1975].

Raccoons

The first known case of raccoon rabies was reported in the U.S. in
California in 1936 [McLean, 1975]. Although there were several reports in other
states involving sporadic raccoon outbreaks, Florida became the first focus for a
primary epidemic of rabies in raccoons [McLean, 1975]. The first reported
raccoon rabies case in Florida was on the east central coast in 1947 [McLean,
1975]. From 1947 to 1953, 28 cases were reported from 13 northern counties in
Florida [McLean, 1975]. Endemic raccoon rabies spread both north and south
along major waterways between 1951 and 1958, eventually involving 31
counties [McLean, 1975]. By the 1960’s rabid raccoons had spread into
Georgia [McLean, 1975]. By 1984, all of Florida, most of South Carolina,
Georgia, and eastern Alabama, were involved in the outbreak [Jenkins and
Winkler, 1984]. There were 4,088 raccoons submitted for testing from 1957 to
1973, of which 19% were found to be rabid [Prather et al., 1975].
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The second major raccoon rabies epidemic, the mid-Atlantic outbreak,
probably originated with one or more rabid raccoons transported out of Florida.
During 1977 and 1981, 3,500 raccoons were translocated to the mid-Atlantic
region for restocking purposes [Jenkins et al., 1988]. Evidence of this
connection between the rabies virus from the two areas can be found in
monoclonal antibody studies. These studies have shown a close similarity in
the antigenic characteristics of rabies virus isolates from the mid-Atlantic area
and those from the southeast U.S. [Smith et al., 1984]. Of the 1,311 rabid
raccoons reported in the U.S. in 1987, 99% were from the south east and
mid-Atlantic states [Fishbein et al., 1988]. From a peak of 1,604 cases in 1983,
the number of cases of raccoon rabies in the mid-Atlantic states has declined in
each subsequent year except 1986 [Fishbein et al., 1988]. Yet there has been
a substantial increase in the geographic distribution of the outbreak. By 1987,
the epidemic had moved into Delaware, eastern Pennsylvania, and southern
Virginia [Fishbein et al., 1988]. By 1989, it had moved into New Jersey
[Sorhage, 1989].

There have been several theories for the continual spread and
maintenance of rabies within the raccoon population. Carey and MclLean
[1983] and others [ McLean, 1975; Bigler et al.,, 1973; Jenkins et al., 1988]
theorized that the raccoon virus may not always be lethal in that species since
antibodies have been found in apparently healthy raccoon populations.
McLean [1975] demonstrated neutralizing antibody prevalence in epidemic
areas averaging 16.4%. Populations in endemic areas demonstrated an
average of 7.2% antibody prevalence which was significantly higher than the
average neutralizing antibody prevalence (2.6%) found in raccoon populations
in other parts of the U.S. [Carey and McLean, 1983]. Titers have been reported
in raccoons from a variety of outbreak and non-outbreak areas, from raccoons
experimentally infected, and in experimental vaccine trials [ Kappus et al., 1970;
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Bigler et al., 1973]. Seidensticker et al.[1983] suggested that a mixture of
incubation periods may be needed for rabies maintenance in a raccoon
population. The usual incubation period of rabies in a raccoon population is
three weeks [Bacon, 1985]. A short incubation period would allow transmission
of the rabies virus during the 5 months raccoons are active in foraging and
co-denning behaviors, while a long incubation period would ensure the
maintenance of the virus through the 7 month period when raccoons are
dispersed in a solitary existence. If chronic, latent infections occur they may be
attributed to low concentrations of virus in the saliva, low virulence, or
transmission by routes other than a bite [McLean, 1975]. In a study by Winkler
[1985] in which he examined raccoon salivary glands in 1982-1983 from the
mid-Atlantic outbreak, he found a greater concentration of virus in raccoon
salivary glands than previously reported. MclLean [1975] suggested a
stress-associated epidemic may occur due to breeding, “overcrowding”, or
concentration at certain locations because of habitat destruction due to
encroachment of construction projects. However, there is still controversy about
the most accurate method of evaluating rabies antibodies in wildlife, and
whether results are due to actual low titers or some non-specific or cross
reaction [Jenkins et al., 1988].

Other factors, besides the possibility of latent infections, must be
considered which could affect the maintenance of the rabies virus within the
raccoon population. Behavioral patterns may affect contact rates between
raccoons and ultimately affect the spread of rabies within this species. For
example, when raccoons feed, they may travel in groups of 2 or 3, giving them
more dominance than would be exhibited by a single feeding raccoon [Sharp
and Sharp, 1956]. These groups and mothers with their young usually feed
early (before midnight) with singles feeding later. There is a decrease in
feeding and consequently a decrease in contact among raccoons, if there are
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winds greater than 10-15 mph, a large snowfall, or the temperatures drop much
below 40F [Sharp and Sharp, 1956].

Behavioral patterns may also affect interspecies contact. Opossums are
likely to compete with raccoons because they, too, are mainly nocturnal
omnivores that use the same habitat [Hoffman and Gottschang, 1977]. In
addition, cats, with the similar nocturnal patterns, have been found scavenging
garbage cans and preying upon small mammals, so there is potential for them
to be infected by raccoons [Hoffman and Gottschang, 1977]. While these two
species are most likely to have contact with and become infected by raccoons,
reports of dogs being exposed to raccoons are higher in number. This may be
due to better reporting of dogs as compared to the other species. From 13 to
34% of rabid raccoons had contact with dogs in the southeastern states, as
compared to 29 to 37% in the mid-Atlantic states [McLean, 1975; Hubbard,
1985; Jenkins and Winkler, 1987]. The positivity rates of raccoons interacting
with a domestic animal in the mid-Atlantic epidemic were 82% from one study
and 49% from another study [Jenkins and Winkler, 1989]. In a study of Virginia
raccoons examined from 1984 to 1985, of the raccoons that exposed other
animals, 49% of them in the Virginia study were positive [Jenkins and Winkler,
1988].

In the same study, Jenkins and Winkler [1988] found other factors that
may affect the epidemiology of rabies in the raccoon population. They were:

1) Rabies positivity rates for males were 41% versus 30% for
females.

2) The majority of the raccoons submitted for testing
were captured during daylight hours. Positive
rates in animals captured during daylight hours

were 38% compared to 34% in animals captured at dusk.
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3) Sixty percent of raccoons submitted were encountered
in yards or residential areas. Positive rates ranged
from 15% in commercial areas to 68% in
cultivated land (best habitat for raccoons).

4) Those acting abnormally were positive in 38% of the
cases submitted.

5) The group least likely to be positive were those killed
in the road or trapped (0-9%).

HUMAN EXPOSURE

Although the incidence of rabies in dogs has declined in the U.S., it still
remains the species responsible for most of the exposures that result in human
antirabies treatment administered today [Helmick, 1983]. This is probably due
to the close association of dogs with humans, and the high incidence of animal
bites in the U.S. annually. In the 1950’s, an average of 11 persons died of
rabies each year in the U.S., and all of them were exposed by animals within
the U.S. An average of one person per year acquired rabies from 1980 through
1988, and 73% of those infected were exposed to rabies outside the U.S. [Eng,
1989]. Human rabies postexposure prophylaxis is an important problem when
considering cost, number of persons treated, or the public health resources
required [Helmick, 1983]. Exposure is defined as: any penetration of skin by
the teeth of a potentially infectious material of a potentially rabid animal [ACIP,
1981]. Approximately 400,000 doses of human diploid cell rabies vaccine have
been administered as postexposure prophylaxis to an estimated 100,000
persons from 1980 to 1983 [CDC, 1984].

Although skunks are the wildlife species responsible for most of the
human exposures, the likelihood of human exposure due to close association

with raccoons needs to be considered. During a 10 year period of rabies in
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Florida, (1963-1972), 75 human exposures from a total of 611 rabid raccoons
were recorded [McLean, 1975]. Sixty-five percent of the human exposures to
rabid wildlife reported in Florida from 1962 through 1972 occurred with
raccoons [Bigler et al., 1973]. In a localized epidemic of raccoon rabies on an
island in Florida in 1969, 45 rabid raccoons were observed and the
observations recorded. Aggressive behavior was observed in 15 of these
raccoons. Of these, seven attacked humans, six fought with dogs, and two were
seen fighting with other raccoons [Kappus et al., 1970]. In contrast, Kappus
[1976] found human exposure to raccoon bites following close or direct contact
with unusually tame raccoons. The fact that rabid raccoon behavior is not
predictable (i.e., always aggressive) makes the possibility of human exposure
even higher. In Georgia, from 1967 to 1971, 90 human exposures to 418 rabid
raccoons were reported. These exposures were reported as unprovoked
attacks on humans by raccoons [Currier, 1972]. Finally, Helmick [1983]
examined human post exposure prophylaxis in the U.S. during 1980 and 1981,
and found 8% of the 5548 persons who received treatment had been exposed
to a wild raccoon and 3% to a “pet” raccoon. There is no clear explanation for
the lack of human cases from exposure to rabid raccoons, but it may be due to
improved postexposure treatment following the emergence of raccoon rabies,
low titers of virus in saliva, lower pathogenicity of the raccoon rabies virus, or
lack of aggressive or unusual behavioral signs that would prevent their contact

with humans [Schnurrenburger et al., 1969].

Raccoons make excellent use of artificial denning sites in close proximity
to humans such as chimneys, abandoned houses, barns, garages, sheds,
sewers, attics, and basements. Their presence at large artificial feeding stations
established by people may increase scavenging, competition, and potential for
human or domestic animal contact [Kappus, 1976]. In addition, raccoons adapt
well to suburban and urban living, increasing their potential for closer









































































































































































































