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EPIZOOTIOLOGY OF SKUNK RABIES IN NORTH AMERICA

Catherine Gremillion-Smith and Alan Woolf
Cooperative Wildlife Research Laboratory and Department of Zoology,
Southern Illinois University, Carbondale, Illinois 62801, USA

ABSTRACT: Public health surveillance data from the United States and Canada (1961 to 1982)
were analyzed to determine if consistent temporal and spatial patterns in skunk rabies could be
identified. Enzootic/epizootic rabies was recognized in 18 states (enzootic states) based on the
criteria of �20 yr of reported skunk rabies and at least 1 yr with a minimum of 50 reported rabid
skunks. In other wildlife species, epizootics have been demonstrated to expand along a wave-like
front. We hypothesized: if skunk rabies behaved in a similar fashion, states reporting rabid skunks
would change over time. No such change was noted. During epizootics the number of counties

reporting increased but not the number of states. Within Illinois certain counties were demonstrated
to have persistent rabies histories and likely served as enzootic foci. Enzootic states combined
prevalence indicated a 6 to 8 yr cycle for epizootics. Data on monthly percent rabies positive
(number rabid/total number tested) were available from six states and Canada. Mean distributions
were bimodal with winter and spring peaks. The patterns identified for skunk rabies differ from

those of other major wildlife vectors and have significance for potential vaccination control regimes.

Key words: Rabies, skunks, epizootiology, surveillance data, enzootic rabies, epizootic rabies,

geographic dispersal, Mephitis mephitis.

INTRODUCTION

Since 1961, skunks are the most

frequently reported rabid animal in North

America (Winkler, 1986). However, in

contrast to fox rabies that also occurs in

Europe and Asia, the epizootiology of

skunk rabies has not been as thoroughly

studied (Carey and McLean, 1983). With

rabies control likely because of recent

efforts aimed at development of a safe oral

vaccine for wildlife (Baer, 1985; Moser,

1985), it is critical that the epizootiology

of rabies in each reservoir species be

understood.

MATERIALS AND METHODS

We recognize the unreliable nature of Public

Health surveillance data on skunk rabies (Prior,

1969; Lewis, 1972; Rakowski and Andrews, 1972;

Carey et al., 1978; Heidt et al., 1982; Carey and
McLean, 1983). As Carey (1985) pointed out,
submission policies are highly variable among

states. A common policy is to test only those

animals that have potentially exposed man and/

or domestic animals; under such policies the true
prevalence of rabies is probably underestimated
(Macdonald, 1980). Few objective, long-term,
field studies have been conducted especially

during inter-epizootic periods (Carey, 1985). In
spite of its limitations, surveillance data has been

frequently used in sylvatic rabies research (Mac-

donald, 1980). Herein, we use surveillance data

to identify strong epizootiologic trends, that is,
epizootiological patterns consistent throughout
the various geo-political subdivisions of the study
area.

There are six species of skunks in North Amer-
ica (Godin, 1982; Howard and Marsh, 1982; Jones
et al., 1982). Public health surveillance data sel-
dom distinguishes skunks according to species.
The hog-nosed skunk (Conepatus mesoleucus),
eastern hog-nosed skunk (Conepatus leucono-
tus) and hooded skunk (Mephitis macroura)
have a limited distribution and occur in only
one of the states included in this study, Texas.
Spotted skunks (Spilogale gracilis and S. puto-
rius) have a wide distribution but because of
their lower densities and more secretive nature
they are not considered to be principal vectors
of rabies (Heidt et al., 1982; Pool and Hacker,
1982). The striped skunk (Mephitis mephitis)
is widely distributed and numerous, and is be-
lieved to be the species most often reported ra-

bid (Parker, 1975; Heidt et al., 1982; Pool and
Hacker, 1982; Macdonald and Voigt, 1985).

Prior to 1961 and widespread use of the flu-
orescent antibody test, rabies diagnostic meth-
ods varied; therefore, for standardization only
data collected after 1960 was used. National and
state annual totals, and number of states and
counties reporting rabid skunks were obtained
from Annual Rabies Summaries published by
the Centers for Disease Control (Centers for Dis-
ease Control, U.S. Department of Health and
Human Services, Atlanta, Georgia 30333, USA).
Eighteen states, hereafter referred to as enzootic
states, were identified as having a significant
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skunk rabies problem during 1961 to 1982 based

on the occurrence of �20 yr with at least one
rabid skunk and at least one annual total of
reported skunk rabies of �50. The Public Health
Veterinarian or equivalent officer for each en-

zootic state was requested to furnish the follow-

ing information: (1) The number of rabid skunks,
by county; (2) The total number of rabid and
non-rabid skunks examined annually; (3) The

number of rabid and non-rabid skunks exam-
ined, monthly; and (4) Any annual reports, ref-
erences, or other data. Similar data was obtained

from Canada (Brian Jamison, Animal Health
Division, Ottawa, Ontaria, Canada K1A 0Y9).
Complete data were available from Illinois, Iowa,
North Dakota, South Dakota, Tennessee, and

Texas. Partial data sets were received from Ar-
kansas, California, Indiana, Kansas, Kentucky,

Michigan, Missouri, Nebraska, Ohio, and Wis-

consin. Data were not received from Minnesota

and Oklahoma.
The national total reported rabid skunks and

number of states and counties reporting were

plotted for each year of the study period. Cor-

relations between annual states and counties re-

porting and annual totals were determined by

Pearson Product Moment Correlation (Helwig
and Council, 1979). The annual skunk rabies

distributions of the United States and Canada

were plotted and compared. Individual state’s
annual reported and percent positive rates

(where available) were plotted and distributions
visually inspected to assess similarities and de-

termine cyclic trends. To further explore cyclic
trends, annual reports of skunk rabies were
summed for the enzootic states, normalized by

log transformation (base 10), and subjected to
Time Series Analysis (International Business
Machine Corporation, 1973; Poole, 1974).

Because of Illinois’s history of enzootic/epi-

zootic skunk rabies and the availability of a com-

plete data set, it was choosen for in-depth anal-
ysis. The annual prevalence of reported skunk
rabies for each county (n = 102) was examined
from 1961 to 1983. Prevalence of skunk rabies

in each county was defined as total number of

rabid skunks reported, 1961 to 1982. To reduce

bias in prevalence that may have been due to
aggressive reporting or easier access to testing

facilities, percent positive (number of rabid

skunks/total number of skunks submitted for

testing) was calculated for each county’s peak
years. Rabies persistence was measured as the
number of years at least one rabid skunk was

reported. Counties with a prevalence �20, per-

cent positive �50 and persistence �15 yr were

designated enzootic.

Spillover of rabies from its principal regional

vector into other species during epizootics has

been recognized as a common phenomenon

1991 1994 1997 1970 1973 1971 1979 1952

FIGURE 1. Annual totals, number of counties re-

porting at least one rabid skunk and number of states

reporting rabies in the United States 1962 to 1982.

(Centers for Disease Control, 1983; Carey, 1985;
Smith et al., 1986). Because people have a nat-
ural tendency to avoid skunks, rabid or other-
wise, an indirect measure of skunk rabies was

based on spillover. Monoclonal antibody studies
have indicated that bats have a very limited role
in terrestrial rabies (Centers for Disease Control,

1985; Smith et al., 1986). Therefore, counties

reporting �five rabid domestic and/or wildlife

species other than bats or skunks were desig-

nated as “spillover” counties.

The distribution of Illinois’s mean monthly
number positive was visually compared to its

distribution of mean monthly percent positive.

Monthly percent positive data available from
six states and Canada was plotted and their dis-
tributions were compared.

RESULTS

The number of all states reporting rabid

skunks ranged from 24 to 34. There was

no clear association between the number

of states and the annual totals (r = 0.04, P

= 0.86) (Fig. 1). However, when the an-

nual totals increased so did the number of

counties (r = 0.94, P = 0.0001) (Fig. 1).

For example, in 1975, 32 states reported

1,226 rabid skunks from 467 counties com-

pared to 32 states reporting 4,480 rabid

skunks from 907 counties in 1981.

Nationwide reported skunk rabies

peaked in 1964, 1971-1972 and 1979-1981

(Fig. 1). Peaks in Canada tended to occur

1 yr after peaks in the United States. In

the United States the number of reported

rabid skunks increased with each out-
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SPILLOVER

NON-PROBLEM

FIGURE 2. Skunk rabies enzootic, spillover and

non-problem counties in Illinois. Enzootic counties

had �50% rabies positive during the last epizootic,

and from 1961 to 1982 the occurrence of �20 rabid

skunks and � 15 years reporting at least one rabid

skunk. Spillover counties reported �5 rabid animals

other than skunks or bats during 1977 to 1984. Non-

problem counties reported <20 rabid skunks from

1961 to 1982.

break; the annual total in 1981 (4,480) was

over twice that of 1971 (2,095). The same

trend was evident in Canada. Visual in-

spection of individual state and national

distributions, and Time Series Analysis in-

dicated a peak to peak reported rabies cycle

of 6 to 8 yr.

Annual prevalence distribution in in-

dividual states was similar to the overall

national patterns. Fourteen of the 18 en-

zootic states had a three peak pattern

(mid-1960’s, early 1970’s and late 1970’s

and early 1980’s). A progressive increase

in magnitude of the peaks occurred in 14

of 18 states. Ten of 12 states showed a

concomitant increase in annual percent

positive with increase in annual total pos-

itive.

Fifteen Illinois counties were designated

enzootic and 20 counties spillover, includ-

ing nine already designated enzootic (Fig.

2).

Comparison of the two monthly distri-

butions in Illinois, mean monthly number

positive and percent positive, demonstrat-

ed that these two measures of skunk rabies

produce very different patterns (Fig. 3).

Monthly percent positive was bimodal with

spring and fall peaks whereas there was a

single spring peak in monthly number

positive. Distributions of monthly percent

positive for the six states and Canada were

bimodal with spring and late fall or early

winter peaks (Figs. 3-6).

DISCUSSION

Monoclonal antibody studies have shown

that the skunk rabies endemic area of North

America had two separate origins (Smith

et a!., 1986). One virus strain has been

associated with skunk rabies in the north-

ern and eastern states, California, and

Canada’s prairie provinces and another

with Texas and Kansas. Both virus strains

are found in Missouri and Arkansas where

the two epizootics are believed to have

merged in the late 1960’s (Centers for Dis-

ease Control, 1985). Rabid skunks in On-

tario were not infected with either of the

skunk strains; they exhibited the same

strain as the rabid foxes in the province

(Webster et a!., 1985). Except for the sit-

uation in Ontario, virus isolate identifica-

tion with monoclonal antibodies indicated

endemic skunk rabies was maintained

within a single species rather than a multi-

species complex (Smith et al., 1986).

During the study period, skunk rabies

did not exhibit wave-like propagation, ex-

cept along a very limited front. Rather,

skunk rabies persisted in limited endemic

foci within the problem area and epizo-

otics occurred as a result of increased prev-

alence within these foci and irregular cen-

trifugal spread from them. In Illinois for
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FIGURE 3. Monthly distribution of mean number

(1964 to 1982) and mean percent rabies positive (1970

to 1983) reported skunk rabies cases for Illinois.

example, the enzootic and spillover coun-

ties were clumped (Fig. 2). Each clump

represented an enzootic foci. During out-

breaks the prevalence of rabies in the en-

zootic counties increased and more coun-

ties became involved. This same trend was

true in other states. Comparison of the

number of counties with the number of

states reporting rabid skunks showed that

during epizootics only the number of

counties increased.

In Europe and Canada, fox (Vulpes

vulpes) rabies has advanced over a wide

geographic area along a wave-like front

(Macdonald and Voigt, 1985). Raccoon

(Proc yon lotor) rabies has spread in a sim-

ilar fashion through the mid-Atlantic States

�JGS�C,�IFEB

MONTHS

FIGURES. The distribution of mean monthly per-

cent rabies positive submitted skunks for Tennessee

(1974 to 1982) and Texas (1961 to 1977).

(Centers for Disease Control, 1985). Fox

rabies epizootics, in Europe and Canada,

occurred as the front arrived in a rabies-

free area and thereafter secondary peaks

occurred at 3 to 5 yr intervals (Macdonald

and Voigt, 1985). Macdonald and Voigt

(1985) stated foci of enzootic rabies moved

around, and nearby regions were out of

phase with each other indicating that rein-

troduction from another region was prob-

able. The near simultaneous occurrence of

skunk rabies outbreaks in the enzootic states

(for example California, Illinois, Iowa,

Kansas, Minnesota, Nebraska, North Da-

kota, and Wisconsin all peaked in 1981 and

the other states peaked in either 1979-

1980 or 1982) makes it unlikely that out-
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FI(;�Rl-: 6. Distribution of mean monthly percent

positive submitted skunks for Canada (1977 to 1982).
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breaks are the result of propagating infec-

tion from neighboring states. This is not to

say rabies had not been invading new ter-

ritory. Since 1959, skunk rabies had been

invading the prairie provinces of Canada

(Gunson et al., 1978). Recent increases in

skunk rabies in the Dakotas and Montana

have given the appearance of an additional

westward spread (Winkler, 1986). How-

ever, rabid skunks have been reported from

there since 1964. Therefore, during the

study period the Saskatchewan and A!-

berta front was the only area in which

skunk rabies advanced in a wave-like fash-

ion into virgin territory.

Identification of an epizootic front, as is

often possible with fox and raccoon rabies,

can allow for a spatially and temporally

restricted vaccination effort (Steck et a!.,

1982). Vaccinating hosts in front of the

wave could create a barrier to continued

spread, while the disease itself reduces the

host population behind the wave to a level

incapable of sustaining continued trans-

mission. This strategy appears to have been

successfully applied to halt an advancing

wave of fox rabies in Switzerland (Steck

et al., 1982). The same strategy, however,

would not be useful against enzootic skunk

rabies. Should a safe and effective oral vac-

cine be developed for skunk rabies, vac-

cination efforts would require identifica-

tion of enzootic foci and elimination of the

disease within.

Temporal patterns were fairly consis-

tent across geo-political boundaries. The

ascending three peak pattern was evident

at state and national levels. The 6- to 8-yr

cycle of skunk rabies was much longer than

the 3-yr cycle reported for fox rabies in

optima! habitat and the 4- to 5-yr cycle

for areas of lower fox densities (Johnston

and Beauregard, 1969). Verts (1967, p. 121)

estimated that <25% of skunks survived

their first year. Long interepizootic period

and high population turnover are param-

eters likely to affect potential vaccination

programs. During interepizootic periods

the disease may persist in relatively small

areas and vaccination efforts will have to

be thorough to eliminate it. In addition,

vaccination will have to continue to insure

immunity of each new generation of

skunks.

Webster et a!. (1974) and Gunson et al.

(1978) stated the greatest number of rabid

skunks were reported in early winter in

Ontario and Saskatchewan, respectively,

with a secondary peak in April. These au-

thors commented on the absence of a win-

ter peak in reported skunk rabies from the

United States (Parker, 1961; Verts, 1967;

Friend, 1968; Schnurrenberger et a!., 1970).

Schowalter and Gunson (1982) considered

Canada’s bimodal distribution with max-

imum numbers of rabid skunks occurring

in the winter to be a distinguishing char-

acteristic of northern skunk populations.

Because mean monthly percent and num-

ber positive produced such different dis-

tributions (Fig. 3), we believe it is better

to compare percent positive distributions;

this measure reduces bias due to uneven

submission rates. Comparison of percent

positive distributions, from those states

where data was available, demonstrated a

more consistent bimodal pattern although

there were differences in the magnitude

of the winter and spring peaks. The pat-

tern was less evident in North Dakota,

which reported consistently high percent

positive for all months (a!! months >50%

and most >70%). Regrettably, this data

was not available from more states. It would

be interesting to compare annual distri-

butions from states in southern climates

where normal skunks are more likely to be

active above ground throughout the win-

ter, to those of northern climates states

where skunks are largely confined to win-

ter dens for prolonged periods. The greater

percent rabid skunks in the winter in Can-

ada, North Dakota, South Dakota, Iowa,

and Illinois may reflect selection of ab-

normally behaving skunks; those above

ground during the winter. However, this

does not explain why the number of re-

ported rabid skunks peaked in the winter

in Canada but not in the United States.

The likelihood of a rabid skunk being en-
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countered may be a function of their dis-

tribution relative to humans. In the winter,

skunks in Canada’s prairie provinces con-

centrate near areas of high human activity

such as graineries and farm buildings

(Hayles and Dryden, 1970; Gunson and

Bjorge, 1979; Andersen, 1981; Schowa!ter

and Gunson, 1982), increasing the chance

of a skunk being captured and submitted

for rabies testing at this time of year.

It has been proposed that the annual

pattern of reporting of skunk rabies is due

to consistent life history events in popu-

lations that affect contact rate. Several in-

vestigators (Verts, 1967; Houseknecht,

1969; Webster et a!., 1974; Parker, 1975;

Gunson et al., 1978) have related peaks in

reported skunk rabies to skunk activities.

The spring peak is believed to be a result

of increased contact during the breeding

season and winter denning coupled with

a delay due to the incubation period (Par-

ker, 1961; Verts, 1967; Schnurrenberger et

al., 1970). The winter peak has been re-

lated to increased contact between skunks

during the fall dispersal of naive, suscep-

tible juveniles (Webster et a!., 1974; Gun-

son et al., 1978). More insight into annual

patterns of skunk rabies could be gained

if more states reported both monthly num-

ber and percent rabies positive.

SUMMARY

We have reviewed available public

health surveillance data on skunk rabies in

North America and identified some strong,

consistent spatial and temporal patterns.

The consistency of these patterns across

North America was surprising in view of

the varying regional influences such as dif-

ferent virus strains and presence or ab-

sence of other significant vectors. Skunk

rabies was enzootic in the middle United

States, California and most of southern

Canada. Within this broad area it persisted

in enzootic foci and erupted approximate-

ly every 6 to 8 yr. Outbreaks involved in-

crease prevalence within the enzootic foci

and additional areas. Skunk rabies peaked

in the spring and again in the early winter.

These peaks may be attributed to the tim-

ing of certain life history events within

skunk populations that promote increased

contact and therefore increased disease

transmission. There are marked differ-

ences between skunk and fox rabies epi-

zootiology especially in the timing of out-

breaks and the enzootic maintenance. If a

safe oral vaccine is developed, proposed

vaccination schemes would have to accom-

modate the unique nature of skunk rabies.
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