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ABSTRACT: Twenty-one adult raccoons (Procyon lotor) were radio-marked on each of two areas
in Centre County, Pennsylvania from 17 June to 23 August 1987. Raccoons on Area 1 were
vaccinated with a commercial inactivated rabies virus vaccine administered intramuscularly,
whereas on Area 2 raccoons were not vaccinated. Survival rates were estimated for three periods:
pre-season (23 August to 23 October 1987), harvest season (24 October 1987 to 23 January 1988)
and post-season (24 January to 26 March 1988). Kaplan-Meier survival rates (+SE) were 1.00 +
0.00 for both areas during the pre- and post-season periods. Survival rates during the harvest
period were 0.67 = 0.11 and 0.69 + 0.11 for Area 1 and Area 2, respectively. Survival rates
between the two areas were not different (P = 0.929). During 23 August 1987 to 26 March 1988,
rabies was not an apparent factor in raccoon survival. Conclusions regarding timing an oral rabies
vaccination campaign based upon occurrence of rabies-related mortalities could not be presented
because of the lack of obvious rabies mortality. However, our findings, combined with information
about immunization, vaccine distribution, and peak periods of raccoon rabies, suggest a late winter
or early spring vaccination period would be optimum for reducing the number of raccoons

susceptible to rabies.
Key words:
field study.

INTRODUCTION

Determination of the influence of rabies
upon survival rates is necessary for under-
standing raccoon (Procyon lotor) popula-
tion dynamics in epizootic and enzootic
rabies areas. Harvest of furbearers, such as
raccoons, is a population management tool,
often rationalized as a disease control mea-
sure (Storm and Tzilkowski, 1982). How-
ever, the impact of disease upon wildlife
populations, and the interaction of disease
and harvest is poorly understood because
ecological and epizootiological aspects of
disease often are considered separately
(Voight and Tinline, 1982).

The Mid-Atlantic region of the United
States currently is experiencing a raccoon
rabies epizootic (Jenkins and Winkler,
1987). Raccoons accounted for 77% of re-
ported animal rabies cases from Virginia,
Maryland, and Pennsylvania in 1987 (Cen-
ters for Disease Control, 1988). In Penn-
sylvania, reported raccoon rabies cases in-
creased from 13 during 1900 to 1981, to

Raccoon, Procyon lotor, survival, survival rate estimates, rabies, oral vaccination,

>1,600 during 1982 to 1988 (Wampler and
Kirkland, 1981; Centers for Disease Con-
trol, 1989). This epizootic has raised con-
cern among public health and natural re-
source agencies because of human exposure
to rabies, public fear, increased submis-
sions to diagnostics laboratories, and wild-
life and domestic animal losses. Because
of economic, public health, and wildlife
management implications due to this epi-
zootic, potential wildlife rabies control
methods are being re-evaluated.
Historically, attempts to control wildlife
rabies were limited to reduction of vector
populations through hunting, trapping,
poisoning, gassing, and bounty programs
(Lewis, 1975). However, population re-
duction has not proven effective for long
term wildlife rabies control (Lewis, 1975;
MacDonald, 1980). Oral wildlife immu-
nization has been studied intensively as an
alternative measure (e.g., Baer et al., 1971).
Results from European field trials, where
oral attenuated rabies vaccines were used,
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indicate that local eradication of an epi-
zootic rabies front may be feasible (Wan-
deler, 1988; Schnieder et al., 1988). Un-
fortunately, raccoons have been refractive
to routine oral immunization using meth-
odology and vaccines designed primarily
for red fox (Vulpes vulpes) rabies control
(Rupprecht et al., 1986). In response, an
oral immunization program using recom-
binant subunit vaccine for raccoon rabies
control currently is being developed (Rup-
precht et al., 1986, 1987).

Development of an oral immunization
program for raccoon rabies control re-
quires consideration of many critical com-
ponents. The primary components of an
oral immunization program are develop-
ment of a safe, efficacious vaccine and a
method for distributing vaccine within an
edible bait, although many other factors
could contribute to the success or failure
of an immunization program. Aside from
the primary components, timing of vac-
cination campaigns is potentially the most
important component in determining the
success of an immunization program. Es-
timation of raccoon survival rates allows
interpretation of the intensity and seasonal
variation in mortality, both of which will
critically affect the timing of vaccine de-
livery. Accurate timing of vaccine delivery
is necessary for optimal immunization of
susceptible animals to achieve maximum
levels of immunity and a reduction in ra-
bies transmission. Therefore, determina-
tion of survival rates, and the subsequent
effect on vaccine delivery, is an additional
step in the process of developing a feasible
and effective methodology for the control
of wildlife rabies.

Our objective was to determine survival
rates of free-ranging raccoons vaccinated
with a commercial inactivated rabies virus
vaccine and unvaccinated raccoons in an
enzootic rabies area of Pennsylvania.

MATERIALS AND METHODS

Two study areas were selected on State Game
Lands in Centre County, Pennsylvania. Area 1
(40°59'N, 77°46'W) (440 ha), was located ap-
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proximately 6 km northeast of Milesburg. Area
2 (40°50'N, 77°53'W) (370 ha), was located ap-
proximately 5 km northwest of State College
and 20 km southwest of Area 1.

Centre County, as recently as 1982 and 1983
had no reported cases of raccoon rabies. In 1985
and 1986, Centre County had 21 and 29 re-
ported raccoon rabies cases. Study areas were
selected because they were considered to be on
the leading edge of the Mid-Atlantic rabies epi-
zootic based upon reported raccoon rabies cases.

Raccoons were captured during four 14-day
sessions from 17 June to 23 August 1987 using
live-traps (Model 207, Tomahawk Live Trap
Company, Tomahawk, Wisconsin 54487, USA)
set in semi-permanent locations, and baited with
fresh fish. Captured raccoons were immobilized
with a combination of 10 mg/kg ketamine hy-
drochloride (Bristol Laboratories, Syracuse, New
York 13201, USA) and 1 mg/kg xylazine (Ha-
ver-Lockhart Laboratories, Shawnee, Kansas
66201, USA) administered intramuscularly
(i.m.). Sex was determined and age was esti-
mated by weight, penis extrusion, and teat char-
acteristics, according to the criteria of Sanderson
(1961). Raccoons were weighed, examined for
physical abnormalities, and ear-tagged. A 3-5
ml blood sample was obtained by jugular veni-
puncture for determination of baseline rabies
virus neutralizing antibody, as described by
Rupprecht et al. (1986). Additional blood sam-
ples were collected if raccoons were recaptured
ten or more days since the last blood collection.
Raccoons captured on Area 1 were vaccinated
i.m. with 1.0 ml of commercial inactivated ra-
bies virus vaccine (Rabguard-TC, Norden Lab-
oratories, Lincoln, Nebraska 68501, USA).
Twenty-one adult raccoons on each area were
fitted with a 150-152 Mhz transmitter attached
to a collar (Lotek Engineering Inc., Aurora, On-
tario, Canada L4G 4J9). Transmitters contained
a time-delay mortality sensor activated after
three hours of inactivity. Radio-marked rac-
coons were monitored at least on a weekly basis
from a vehicle outfitted with an omnidirectional
antenna and portable receiver (Advanced Te-
lemetry Systems, Isanti, Minnesota 55040, USA).
Locations of live raccoons were not determined.
However, raccoons with a transmitter in mor-
tality mode were located to determine if death
had occurred.

Survival rates and survival distributions of
adult raccoons were estimated using the Kaplan-
Meier product limit estimator (Kaplan and
Meier, 1958), and calculated with the Statistical
Analysis System (SAS) procedures PHGLM and
SURVFIT (SAS Institute, Inc., 1986). Estimates
were calculated for pre-season, harvest season,
and post-season. Each respective period con-
sisted of 62 days (23 August to 23 October 1987),
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93 days (24 October 1987 to 23 January 1988),
and 62 days (24 January to 26 March 1988)
Survival rates also were estimated for the entire
study period, 23 August 1987 to 26 March 1988.
Difference in survival rates, between areas, for
the entire period was tested with the Wilcoxon-
Gehan rank test using the SAS procedure
SURVDIFF (SAS Institute, Inc., 1986).

Pollock et al. (1989) describe use of the Kap-
lan-Meier estimator for estimation of survival
rates and distributions using radio-telemetry
data. Survival estimates calculated from the
Kaplan-Meier method are essentially probabil-
ity estimates of an individual animal surviving
during a specified time interval. Advantages of
the estimator are that the assumption of a con-
stant survival probability for all time intervals
is not required and observations from animals
with an unknown fate can be included in esti-
mates. Observations of individuals with un-
known fates are censored observations. Cen-
sored observations may result from transmitter
failure, emigration, and survival beyond the end
of the study period. Assumptions of the Kaplan-
Meier estimator are (1) radio-marking does not
affect survival, (2) radio-marked animals are
representative of the population, (3) survival time
for each animal is independent, and (4) the cen-
soring mechanism is random and independent.

RESULTS

During 18 June 1987 to 26 March 1988,
nine radio-marked adult raccoons were re-
ported dead or recovered from Area 1 and
six radio-marked adult raccoons were re-
ported dead from Area 2. The difference
in recorded mortality between males and
females was not significant on Area 1
(Fisher’s exact probability = 0.639) or on
Area 2 (Fisher’s exact probability = 0.166).

Observations of three raccoons from
Area 1 were not included in the analyses
because death occurred prior to 23 August
1987, the date the last raccoon was radio-
marked. Also, observations of three rac-
coons from Area 2 were censored because
of signal loss prior to the end of the study.
During 23 August 1987 to 26 March 1988,
92% (n = 12) of adult raccoon mortality
was due to harvest; 75% of harvest mor-
tality occurred during 18 to 27 November
1987.

Survival rates (+SE) were 1.00 = 0.00
for both areas during the pre- and post-
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season periods. Survival rates during the
harvest period were 0.67 = 0.11 and 0.69
+ 0.11 for Area 1 and Area 2, respectively.
Because mortality of radio-marked rac-
coons occurred only during the harvest
season, survival for the entire period (23
August 1987 to 26 March 1988) was equiv-
alent to that of the harvest period. Survival
rates did not differ between the 2 study
areas from 23 August 1987 to 26 March
1988 (Wilcoxon-Gehan x2 = 0.01, 1 df, P
= 0.929). Of the 15 dead raccoons, four
were trapped, seven were shot, one was
killed by an automobile, and the cause of
death for three raccoons was undeter-
mined. Two recovered raccoons were sub-
mitted to a diagnostics laboratory for ra-
bies testing; both were negative for rabies
virus.

Paired serum samples, pre- and post-
vaccination available for eight raccoons
from Area 1 demonstrated seroconversion
for seven of the eight (88%) raccoons
(Brown and Rupprecht, 1990). Baseline
geometric mean titres for rabies virus neu-
tralizing antibody were 0.11 and 0.08 1U/
ml for Areas 1 and 2, respectively, whereas
the post-vaccination geometric mean titre
for the seven raccoons exhibiting serocon-
version was 2.37 IU/ml.

DISCUSSION

Johnson (1970) reported a majority of
raccoon mortality is from human activity,
such as, hunting, trapping and automobile-
raccoon collisions. Other sources of mor-
tality included predation, starvation and
disease. Although Johnson (1970) suggest-
ed distemper as the only disease that had
a major role in regulating raccoon popu-
lations, rabies has been recognized as an
important mortality factor in the south-
eastern United States since 1960 (Kappus
etal., 1970), and more recently in the Mid-
Atlantic region. Although we expected ra-
bies to be a major mortality factor, it was
not an apparent factor in raccoon survival
during our study. We attributed the lack
of rabies mortality to at least three possible
factors: (1) rabies was present, but im-
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munization or natural resistance prevent-
ed obvious transmission: (2) rabies was
present, but undetected; or (3) rabies was
not present.

Vaccinated raccoons on Area 1 may have
been refractive to rabies, as exhibited by
seroconversion of some vaccinates. In ad-
dition, virus neutralizing antibody levels
from raccoons on Area 2 ranged from 0.01-
6.00 IU/ml in 1985 (C. E. Rupprecht, un-
published data); however, baseline titers
were seronegative (all <0.22 IU/ml) in
1987. Therefore, surviving raccoons may
have developed natural immunity as sug-
gested by McLean (1975), but with waning
antibody titers. Raccoon rabies was present
in Centre County during 1987, and cases
were reported within 5 km of both areas
(Bureau of Animal Industry, Summerdale
Laboratory, Summerdale, Pennsylvania
17093, USA).

Although definite conclusions regarding
the timing of vaccination campaigns based
on survival estimates and immunization
were not possible because of the lack of
rabies mortality; the process of induction
allows presentation of a potential strategy
for timing vaccine delivery. If immuni-
zation is effective for at least 6 mo, and
population densities are subsequently re-
duced during a fall harvest, an early spring
or late winter vaccination period would
result in an effective period of 9 mo or
more. A reduced probability of rabies
transmission should result because of a re-
duction in the number of susceptible an-
imals. A vaccination strategy exploiting the
spring parturition and lactation periods of
raccoons may also result in maximal levels
of immunity through passive antibody
transfer to kits (Rupprecht and Keiny,
1988). Additionally, aerial distribution of
vaccine-laden baits (Johnston et al., 1988)
would be facilitated prior to spring leaf-
out. A spring vaccination period is further
warranted if peak submission periods for
rabies diagnostic testing are considered.
Submissions of raccoons for rabies testing
peak in spring and early fall (Jenkins and
Winkler, 1987). If incubation time for ra-
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bies is considered, then peak submissions
may be associated with previous periods
of high raccoon activity, such as during
the breeding season in late winter (San-
derson and Nalbandov, 1973) and during
fall dispersal (Urban, 1970). An early spring
or late winter rabies vaccination campaign
would therefore be optimum for effec-
tively reducing the number of susceptible
raccoons through a combination of im-
munization and harvest.

More information is needed regarding
the interactions between mortality factors
and immunization in areas where rabies
occurs. Further study using similar tech-
niques and analyses should be undertaken
for raccoons in other areas and other fur-
bearer populations (e.g., fox and skunk)
preparatory to, or in conjunction with oral
rabies vaccine trials.

ACKNOWLEDGMENTS

This research was supported in part by grants
from the Pennsylvania Department of Agricul-
ture, the Geraldine R. Dodge Foundation, and
the Ametek Corporation. We thank the Penn-
sylvania Game Commission for cooperation by
providing special use permits and access to State
Game Lands. Brett Hoover provided field as-
sistance trapping raccoons. Hunters, trappers,
and furbuyers in Centre County, Pennsylvania
cooperated by reporting harvested raccoons and
returning transmitters.

LITERATURE CITED

BAER, G. M., M. K. ABELSETH, AND J. G. DEBBIE.
1971. Oral vaccination of foxes against rabies.
American Journal of Epidemiology 93: 487-490.

BrowN, C. L., AND C. E. RUPPRECHT. 1990. Vac-
cination of free-ranging Pennsylvania raccoons
(Procyon lotor) with inactivated rabies vaccine.
Journal of Wildlife Diseases 26: In press.

CENTERS FOR DISEASE CONTROL. 1988. Rabies sur-
veillance 1987. U.S. Dept. of Health and Human
Services, Atlanta, Georgia, 27 pp.

. 1989. Rabies surveillance 1988. U.S. Dept.
of Health and Human Services, Atlanta, Georgia,
21 pp.

JENKINS, S. R., AND W. G. WINKLER. 1987. De-
scriptive epidemiology from an epizootic of rac-
coon rabies in the Middle Atlantic States, 1982-
1983. American Journal of Epidemiology 126:
429-437.

JOHNSON, A. S. 1970. Biology of the raccoon (Pro-
cyon lotor varius Nelson and Goldman) in Ala-




350

bama. Auburn University Agriculture Experi-
ment Station Bulletin 402, Auburn, Alabama, 148
Pp-

JoHnsToN, D. H,, D. R. VOIGHT, C. D. MACINNES,
P. BacumanN, K. F. Lawson, anp C. E.
RUPPRECHT. 1988. An aerial baiting system for
the distribution of attenuated or recombinant ra-
bies vaccine for foxes, raccoons, and skunks. Re-
views of Infectious Diseases 10: S660-S664.

KAPLAN, E. L., AND P. MEIER. 1958. Nonparamet-
ric estimation from incomplete observations.
Journal of the American Statistical Association
53: 457-481.

Kappus, K. D, W. J. BIGLER, R. G. MCLEAN, AND
H. A. TREVINO. 1970. The raccoon an emerg-
ing rabies host. Journal of Wildlife Diseases 6:
507-509.

LEwIs, J. C. 1975. Control of rabies among terres-
trial wildlife by population reduction. In The
natural history of rabies, Vol. 2, G. M. Baer (ed.).
Academic Press, New York, New York, pp. 243-
269.

MacDoNALD, D. W. 1980. Rabies and wildlife, a
biologist's perspective. Oxford University Press,
New York, New York, 151 pp.

McCLEAN, R. G. 1975. Raccoon rabies. In The nat-
ural history of rabies, Vol. 2, G. M. Baer (ed.).
Academic Press, New York, New York, pp. 53—
‘il

PoLLock, K. H., S. R. WINTERSTEIN, AND M. J.
CONROY. 1989. Estimation and analysis of sur-
vival distributions for radio-tagged animals. Bio-
metrics 45: 99-109.

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 Academy of Science, USA 83: 7947-
7950.

, B. DiETZSCHOLD, H. KOPROWSKI, AND D. H.

JounnsTtoN. 1987. Development of an oral wild-

life rabies vaccine: Immunization of raccoons by

a vaccinia-rabies glycoprotein recombinant virus

and preliminary field baiting trials. Cold Spring

Harbor Laboratory, New York, Vaccines 87: 389-

392.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 Sep 2024
Terms of Use: https://bioone.org/terms-of-use

JOURNAL OF WILDLIFE DISEASES, VOL. 26, NO. 3, JULY 1930

, AND M. P. KIENY. 1988. Development of
a vaccinia-rabies glycoprotein recombinant virus
vaccine. In Rabies, J. B. Campbell and K. M.
Charlton (eds.). Kluwer Academic Publications,
Boston, Massachusetts, pp. 335-364.

SANDERSON, G. C. 1961. Techniques for determin-
ing age of raccoons. Illinois Natural History Sur-
vey Biological Notes 45, 16 pp.

, AND A. V. NALBANDOV. 1973. The repro-
ductive cycle of the raccoon in Illinois. Illinois
Natural History Survey Bulletin 31: 29-85.

SAS INSTITUTE, INC. 1986. SUGI Supplemental Li-
brary User’s Guide, Version 5 ed. Cary, North
Carolina, 662 pp.

SCHNIEDER, L. G, ]J. H. Cox, W. W. MULLER, K. P.
HOHNSBEEN. 1988. Current oral rabies vacci-
nation in Europe: An interim balance. Reviews
of Infectious Diseases 10: S654-S659.

STORM, G. L., AND W. M. TziLKOWSKI. 1982. Fur-
bearer population dynamics: A local and regional
management perspective. In Midwest furbearer
management, G. C. Sanderson (ed.). Symposium,
North Central Section, Central Mountains and
Plains Section, and Kansas Chapter, The Wildlife
Society, Washington, D.C., pp. 69-90.

URBAN, D. 1970. Raccoon populations, movement
patterns, and predation on a managed waterfowl
marsh. Journal of Wildlife Management 30: 419~
421.

VOIGHT, D. R., ANDR. L. TINLINE. 1982. Fox rabies
and trapping: A study of disease and fur harvest
interaction. In Midwest furbearer management,
G. C. Sanderson (ed.). Symposium, North Central
Section, Central Mountains and Plains Section,
and Kansas Chapter, The Wildlife Society,
Washington, D.C., pp. 139-156.

WAMPLER, J. T., AND G. L. KIRKLAND. 1981. Rabies
in Pennsylvania. Proceedings of the Pennsylva-
nia Academy of Science 55: 47-51.

WANDELER, A. I. 1988. Control of wildlife rabies:
Europe. In Rabies, J. B. Campbell and K. M.
Carlton (eds.). Kluwer Academic Publications,
Boston, Massachusetts, pp. 365-380.

Received for publication 13 March 1989.





