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ABSTRACT: Eight 8-wk-old raccoon pups (Procyon lotor) with maternal canine distemper virus
(CDV) neutralizing antibodies (NAb) and 24 8-wk-old seronegative pups were administered a
commercial modified-live CDV vaccine (Galaxy Dt, Solvay Animal Health, Inc., Kitchener, On-
tario, Canada). All 24 seronegative raccoons had detectable serum CDV NAb titers 14 days after
the initial dose. Titers rose to maximum levels 4 wk post-vaccination. Mean titers for groups of
vaccinated seronegative pups were maintained between 1:256 and 1:2,048 for the remainder of
the 3 mo observation period. Geometric means of the serum CDV NAb titer of eight seronegative
pups given a single vaccine dose at 8 wk of age did not differ significantly from those of eight
pups that were given serial doses at 8, 12, and 16 wk of age, or from those of eight pups vaccinated
once at 16 wk of age. Seven unvaccinated 8-wk-old raccoon pups used as controls remained
seronegative throughout the trial. Seven out of eight 8-wk-old pups with maternal antibodies,
vaccinated at 8, 12, and 16 wk of age, failed to develop a rise in their CDV NAb titers until at
least 18 wk of age, 2 wk after the third vaccination. Titers in eight unvaccinated raccoons with
maternal antibodies declined steadily to undetectable levels at 20 wk of age. A half-life of 10.55
days was calculated for maternally-derived CDV NAb in raccoon pups. Sixteen vaccinated rac-
coons were protected from clinical disease following experimental oronasal challenge with a vir-
ulent raccoon strain of CDV, 13 to 23 wk after vaccination. Serum CDV NAb titers at the time
of challenge ranged from 1:12 to 1:384 and increased during the period of observation. Three of
four unvaccinated seronegative raccoons used as controls failed to mount any detectable CDV
NAb and were euthanatized after developing clinical signs of canine distemper 26, 29, and 30
days post-challenge (PC). Necropsies confirmed the diagnosis. The fourth control raccoon exhib-
ited transient equivocal clinical signs, mounted a sluggish humoral response, but was clinically
normal when euthanatized 42 days PC. In this raccoon, there was focal non-suppurative enceph-
alitis with intranuclear inclusion bodies typical of CDV infection.

Key words: Canine distemper virus, challenge, humoral response, Procyon lotor, raccoon,
vaccination.

INTRODUCTION

The susceptibility of raccoons (Procyon
lotor) to canine distemper virus (CDV) in-
fection has long been established (Hem-
boldt and Jungherr, 1955; Kilham et al.,
1956). The disease is endemic in raccoon
populations across North America (Hoff et
al., 1974; Roscoe, 1993). Wild raccoons
have been incriminated as the source of
epizootics in captive carnivores in zoolog-
ical collections and conservation parks
(Sedgwick and Young, 1968; Appel et al.,
1994). Vaccination of captive animals at

risk is not always practical or reliable
(Sedgwick and Young, 1968; Montali et al.,
1983). Data from a recent study (Schu-
bert-Kuehner, 1995) suggests that a trap-
vaccination-release (TVR) program target-
ing raccoons on zoo or park grounds could
enhance local population immunity and
lower pressure of infection, helping to
minimize risks of CDV transmission to the
collection. However, studies of efficacy of
CDV vaccination in raccoons are scarce,
and protocols that would yield optimal
protection have not been established. Ear-

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



PARÉ ET AL.—DISTEMPER VACCINATION IN RACCOONS 431

ly CDV vaccination trials and challenges
(Kilham et al., 1956; Robinson et al., 1957)
were conducted on raccoons of undeter-
mined CDV-immune status, therefore
careful interpretation of results is warrant-
ed. More recently, a study suggested that
raccoons administered a now discontinued
avianized modified-live virus (MLV) vac-
cine were protected from canine distem-
per (CD) disease (Evans, 1984). In the
present trial, the humoral antibody re-
sponses of raccoon pups of known CDV
immune status to Galaxy Dt (Solvay Ani-
mal Health, Inc., Kitchener, Ontario, Can-
ada), a commercial CD MLV vaccine,
were investigated. Interference of mater-
nal antibodies with active immunization
was examined, and a CDV neutralizing an-
tibody (NAb) decay curve was established.
A controlled challenge study was conduct-
ed in vaccinated raccoons to assess efficacy
of the vaccine in providing protection from
disease.

MATERIALS AND METHODS

Vaccination trial

Forty-seven clinically healthy raccoon pups,
all between 4 and 6 wk of age, were collected
from the wild in the greater Toronto (438509N,
798109W) and the Barrie (448259N, 798459W)
areas in the province of Ontario (Canada) be-
tween May 9th and June 19th 1996. Age de-
termination was based primarily on teeth erup-
tion pattern (Montgomery, 1964). Pending de-
termination of their CDV immune status, rac-
coon pups were housed with littermates in pens
or stainless steel cages at the Toronto Zoo (TZ).
Some of the younger pups were bottle- or sy-
ringe-fed with KMRt milk replacer (Pet-Ag,
Inc., Hampshire, Illinois, USA), progressively
thickened with rice cereal for babies (Rice Ce-
realt, H. J. Heinz Company of Canada Ltd.,
North York, Ontario, Canada). Once they were
eating from a dish, weaning was quickly
achieved, first on a beef-based carnivore mix
prepared at the zoo, then onto commercial dry
cat food. The pups were examined, sexed,
weighed, ear-tagged, and prophylactically given
ivermectin (Ivomect, Merck Agvet, Merck and
Co., Inc., Whitehouse Station, New Jersey,
USA, 0.2 mg/kg SC) and a killed feline panleu-
kopenia vaccine (Fel-O-Vaxt, Ayerst Veterinary
Laboratories, Division of Wyeth-Ayerst Canada
Inc., Guelph, Ontario, Canada; 1 ml SC). Blood

was collected from the jugular vein under iso-
flurane anesthesia (AErranet, Ohmeda Phar-
maceutical Products, Division of BOC Canada
Ltd., Mississauga, Ontario, Canada) for deter-
mination of CDV maternal antibody status. All
pups were weaned at 8 wk of age, at which time
they were moved to the isolation units of the
Ontario Veterinary College (OVC; University of
Guelph, Guelph, Ontario, Canada), and en-
tered the trial.

Thirty-one CDV-seronegative 8-wk-old rac-
coon pups were randomly allocated to one of
four experimental groups: Group A (n 5 7)
pups were controls that were administered 1 ml
of sterile saline subcutaneously (SC) at 8, 12,
and 16 wk of age; Group B (n 5 8) pups were
given 1 ml of a commercial MLV vaccine, Gal-
axy Dt, SC between the scapulae, using aseptic
technique, at 8, 12, and 16 wk of age; Group
C (n 5 8) pups received a single dose of Galaxy
Dt at 8 wk of age; and Group D (n 5 8) pups
received a single dose of Galaxy Dt at 16 wk
of age.

Sixteen seropositive 8-wk-old raccoon pups
with serum CDV NAb titers ranging from 1:40
to 1:1536 were randomly allocated to one of
two groups: Group E (n 5 8) in which animals
were administered one dose of Galaxy Dt at 8,
12, and 16 wk of age, and Group F (n 5 8) in
which animals received 1 ml of sterile saline SC
at 8, 12, and 16 wk of age.

Blood was collected for serology weekly from
all raccoons from 8 to 20 wk of age (12 wk post-
vaccination (PV)) except for raccoons of Group
D, which were sampled until they were 24 wk
of age (8 wk PV).

At the OVC, raccoons were housed in pairs
in spacious stainless steel cages. Raccoons from
groups A, D, and F were kept in a room sep-
arate from group B, C, and E raccoons. Once
Group D pups reached 16 wk of age, they were
moved in the same room as those of groups B,
C, and E.

On the day of their arrival at the OVC at 8
wk of age, and weekly thereafter, all pups were
anesthetized using a combination of ketamine
hydrochloride (Ketasett, Ayerst Laboratories,
Division of Wyeth-Ayerst Canada Inc., Montre-
al, Quebec, Canada; 10 mg/kg) and xylazine
(Rompunt, Bayer Inc., Agriculture Division,
Animal Health, Etobicoke, Ontario, Canada;
2mg/kg), injected intramuscularly. Animals
were weighed, examined, and blood was col-
lected. All pups were given ivermectin and Fel-
O-Vaxt on the week of arrival at the OVC and
every second week thereafter, for 4 and 6 wk
respectively.

Blood samples were centrifuged, and the
sera separated and refrigerated within 24 hr of
collection. Each serum sample was divided in
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two equal volumes and frozen at 270 C until
submission to the laboratory. Virus neutraliza-
tion assays for the detection of CDV were per-
formed by the Animal Health Laboratory (Uni-
versity of Guelph) in microtiter format using
standard techniques (Mahy and Kangro, 1996),
100 CCID50 Onderstepoort strain CDV, Vero
cells and known positive and negative sera.
Sera were serially diluted two-fold in duplicate,
with antibody titers determined as the 50%
endpoint for cytopathic effect after 5 days in-
cubation at 37 C in 5% CO2. Except for week
12 samples (week 8 for group D), all samples
from individual animals were assayed simulta-
neously to eliminate between-batch test varia-
tion. Seronegativity and seropositivity were de-
fined by the absence or presence of detectable
serum CDV neutralizing antibodies at a 1:2 di-
lution of serum. Serologic results were record-
ed as the reciprocal of the end point dilution
and transformed to the log2. Group means and
standard deviations of transformed data were
calculated and presented graphically. Statistical
analysis was performed with PC-SAS 6.12 for
Windowst (SAS Institute Inc., Cary, North
Carolina, USA) using a repeated measures AN-
OVA (Motulsky, 1995). Data for week 12
(group A, B, C, E, and F) and week 8 (group
D) were excluded from the graphs, but used in
statistical comparison between groups. The de-
cay curve was established by standard least
squares linear regression analysis of the data
using the Corel Quattro Pro 7t analytical sta-
tistics package (Corel Corporation, Ottawa, On-
tario, Canada). The slope was calculated using
the equation: y 5 b0 1 b1x, where y is the
antibody titer at time x, b0 is the Y intercept
and b1 is the slope of the regression line.

Challenge study

Twenty raccoons were selected from the Gal-
axy Dt vaccination trial to enter a challenge
study. All animals were 7- to 8-mo-old by then,
and were housed individually in stainless steel
cages in a single room at the OVC. Four unvac-
cinated raccoons, randomly selected from
groups A and F, had no detectable serum CDV
NAb and were used as control animals. The 16
seropositive raccoons were selected randomly
from Group C (n 5 4), Group D (n 5 4), and
groups B and E (n 5 8). They had CDV NAb
titers ranging from 1:12 to 1:384. They were in-
oculated via the oculonasal route with a virulent
raccoon CDV isolate (day 0) and followed for a
period of 42 days. On days 0, and 3, 7, 10, 14,
21, 28, 35, 42 post challenge (PC), blood was
collected under ketamine hydrochloride/xylazi-
ne, and serum virus NAb titers were measured,
as described in the vaccination trial. Group

means and standard deviations of transformed
data were calculated and presented graphically.

The challenge virus, California Raccoon Iso-
late A92-27/14, generously provided by M. J.
G. Appel (Cornell University, Ithaca, New
York) was amplified by passage in two 21-wk-
old seronegative raccoons, which were given
0.75 ml of the virus tissue suspension intrave-
nously. Lymphoid tissues were collected asep-
tically from both raccoons immediately follow-
ing euthanasia 6 days later. Tissues were
trimmed, placed in tissue culture medium, ho-
mogenized and centrifuged, pooled, then fur-
ther clarified by centrifugation. Aliquots of un-
diluted, 1:10, and 1:100 dilution of the virus
suspension were stored at 270 C until use.

A pilot trial was conducted to determine an
effective challenge dose using six seronegative
24-wk-old raccoons. Two animals were each ad-
ministered 1 ml of undiluted CDV suspension
that had been thawed on ice. Five drops were
placed in the conjunctival sac of each eye, five
drops were instilled in each nostril, and the re-
mainder of the dose was sprayed onto the oro-
pharyngeal mucosa. This procedure was re-
peated with the 1:10 and the 1:100 dilutions of
the CDV suspension, using two raccoons for
each dose. The raccoons that had received the
undiluted suspension were euthanatized 28
days PC showing classical signs of disease (mu-
copurulent blepharoconjunctivitis and rhinitis).
Those that had received the 1:10 dilution of the
inoculum were euthanatized at 26 and 33 days
PC respectively, with clinical CD. Both rac-
coons administered the 1:100 dilution were eu-
thanatized 33 days PC, with one showing clin-
ical CD.

On day 0 of the challenge study, the 20 rac-
coons were anesthetized using ketamine hydro-
chloride and xylazine, and inoculated with the
CDV suspension as described above. Raccoons
were inspected daily by one of two observers
who were both blinded to the vaccination status
of the animals. Alertness, responsiveness and
general demeanor were evaluated. Food con-
sumption, as well as fecal output and consis-
tency were also assessed. Animals were moni-
tored for cutaneous erythema, pustules, foot
pad and muzzle skin thickening and depigmen-
tation, ocular and nasal discharge, sneezing,
coughing, and any behavioral abnormality or
neurologic disturbance. Criteria for disease and
euthanasia were established prior to the chal-
lenge: Anorexia, severe lethargy, ocular and/or
nasal mucoid discharge, vomiting, diarrhea,
pustules or blisters, and neurologic signs of any
kind were deemed indicative of disease. Rac-
coons convincingly demonstrating any of the
above clinical signs for more than 3 consecutive
days, or sooner if deemed appropriate on hu-
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FIGURE 1. Antibody titers (2log2) of initially seronegative raccoon pups following a single dose of Galaxy
Dt at 8 wk of age (Group C) or three doses at 8, 12, and 16 wk of age (Group B). Each curve represents
the geometric mean of the log2 of the reciprocal of serum CDV neutralizing antibody titers of an experimental
group of raccoons (n 5 8) versus time post-vaccination (6SD).

mane grounds, were euthanatized. Surviving
animals were euthanatized on day 42. A thor-
ough necropsy was conducted on all animals
immediately after death. Tissue samples were
collected and fixed in 10% buffered formalin.
The presence of characteristic intracytoplasmic
and intranuclear acidophilic inclusion bodies in
epithelial, lymphoid, or glial cells was consid-
ered diagnostic for CD (Dungworth, 1993),
whether or not other compatible lesions were
present.

RESULTS

Vaccination trial

There were no discernible local or sys-
temic adverse reactions to Galaxy Dt in
any of the 24 raccoons vaccinated in this
trial. None of the initially seronegative un-
vaccinated raccoons (Group A) developed
a detectable serum CDV NAb titer, while
all initially seronegative vaccinated rac-
coons (groups B, C and D) had measur-
able serum CDV NAb titers by week 2 PV
(P 5 0.0001) (Figs. 1 and 2). Five of these
24 raccoons had developed titers as early
as 1 wk PV. In all vaccinates, titers climbed
abruptly between weeks 2 and 4 PV, and
remained high throughout the follow-up
period (group means between 1:256 and
1:2,048).

There was no significant difference (P ,
0.05) between the PV geometric mean

CDV NAb titers at each sampling of ini-
tially seronegative 8-wk-old raccoons vac-
cinated sequentially at 8, 12, and 16 wk of
age (Group B) and those that received a
single dose at 8 wk of age (Group C) (Fig.
1).

There was no significant difference (P ,
0.05) between the mean antibody titers
following a single dose of vaccine in ini-
tially seronegative 8-wk-old raccoons
(Group C) and initially seronegative 16-
wk-old raccoons (Group D) (Fig. 2).

Four of eight initially seropositive 8-wk-
old control raccoons (Group F) had no de-
tectable antibody by 16 wk of age, sug-
gesting strongly that the antibodies de-
tected initially were passively acquired
from the dam rather than a product of ac-
tive immunity. Standard least squares lin-
ear regression gave a slope of 20.663 with
an intercept of 13.35 on the Y axis when
the X axis is projected back to birth (Fig.
3). The half-life of maternal antibodies was
calculated at 10.55 days.

There was no significant difference (P ,
0.05) between the mean titers of 8-wk-old
unvaccinated raccoons with maternal an-
tibodies (Group F) when compared to
mean titers of 8-wk-old raccoons with ma-
ternal antibodies vaccinated at 8, 12, and
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FIGURE 2. Effect of age at vaccination with Galaxy Dt on antibody titers (2log2) in initially seronegative
raccoons vaccinated at 8 wk of age (Group C) or 16 wk of age (Group D). Each curve represents the geometric
mean of the log2 of the reciprocal of serum CDV neutralizing antibody titers of an experimental group of
raccoons (n 5 8) versus time post-vaccination (6SD).

16 wk of age (Group E), until week 10 PV,
or 2 wk after the third vaccination at 16
wk of age (Fig. 4). From that point on,
vaccinates (Group E) developed signifi-
cantly (P 5 0.023) higher titers than the
controls over the remainder of the obser-
vation period. Vaccination failed to elicit a
humoral response before the third vacci-
nation (16 wk of age) in all but one of the
eight raccoons that possessed maternal an-
tibodies. The exception, one of the three
with the lowest titer at 12 wk of age, ex-
perienced a rise in antibody titer 2 wk af-
ter the second vaccination, while two other
raccoons with similar titers at the time of
the second vaccination, one of them a lit-
ter mate, failed to respond until 16 wk of
age. One raccoon from Group E did not
respond to the third vaccine dose, in spite
of a relatively low titer (1:3) at 16 wk of
age.

Challenge study

All 16 vaccinated raccoons survived the
challenge, and none met the criteria de-
fined for clinical disease over the 42 day
period of observation. These raccoons ex-

perienced a statistically significant rise (P
, 0.05) in their antibody titer levels be-
tween challenge and 10 d PC (Fig. 5).

Of the four seronegative controls, one
developed disease on day 29 and was eu-
thanatized on day 33 (#1). A second rac-
coon showed clinical signs on day 30, and
was euthanatized on day 33 PC (#2).
These two animals exhibited marked de-
pression, and had bilateral ocular and nasal
mucopurulent discharge and crusting. A
third raccoon (#3) was euthanatized on day
30 PC, the day it developed seizures.
These three raccoons never developed a
detectable serum CDV NAb titer.

The fourth seronegative control raccoon
(#4) exhibited vague signs of illness (in-
appetence, lethargy, cutaneous erythema)
on days 21, 22, and 29 but recovered and
appeared clinically normal 42 days PC. In
this individual, detectable serum NAb ti-
ters appeared at 21 days PC and rose slow-
ly over the remainder of the observation
period (Fig. 5).

On post-mortem examination, two of
the three raccoons with distemper (con-
trols #1 and #2) had bilateral mucopuru-
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FIGURE 3. Maternal antibody decay curve in raccoons 8 to 20 wk of age (Group F). The curve represents
a least squares linear regression line of best fit through the geometric means of the log2 of the reciprocal of
serum CDV neutralizing antibody titers of raccoons (n 5 8) plotted against age (6SD).

lent blepharoconjunctivitis and rhinitis.
One of these developed depigmentation of
the muzzle and footpads, while these tis-
sues were hyperkeratotic in the other. His-
tologically, in both animals, intracytoplas-
mic and intranuclear acidophilic inclusion
bodies were identified in the epithelial
cells of the bladder, bronchioles, epidermis
of the footpad, tongue, Meibomian glands,
and seminiferous tubules. Inclusion bodies
were also observed in the splenic reticu-
loendothelial cells of one raccoon.

The third raccoon (control #3), euthan-
atized because of seizures, had a mild bi-
lateral conjunctivitis. Microscopically, in-
tranuclear inclusion bodies were identified
in the hippocampal neurons and in the ep-
ithelial cells of the bladder mucosa, with
no associated inflammation.

The only unvaccinated raccoon that sur-
vived the challenge (control #4) had no re-
markable gross lesions when necropsied
on day 42 PC, except a chronic cystitis
with pyuria. Histologically, a single but
conspicuous focus of non-suppurative en-

cephalitis was observed in the medulla ob-
longata. There was malacia and glial acti-
vation with moderate perivascular cuffing.
Inclusion bodies were readily identifiable
in surrounding neurons.

There were very few gross external or
internal lesions in the 16 vaccinated rac-
coons. Histologically, 10 of 16 raccoons
had mild to moderate, patchy or diffuse
interstitial pneumonia, but giant cells and
inclusion bodies were not detected.

DISCUSSION

The dynamics of the humoral response
in this trial are consistent with investiga-
tions of humoral response to MLV vacci-
nation in other species (Halbrooks et al.,
1981; Montali et al., 1983; Hoover et al.,
1989; Goodrich et al., 1994; Williams et
al., 1996) but quantitative comparison of
the magnitude of the response to other
studies is precluded due to inter-labora-
tory variations in methodology.

In the present study, vaccination proto-
cols yielded similar antibody responses in
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FIGURE 4. Antibody levels of raccoons with maternal antibodies following vaccination with Galaxy Dt at
8, 12, and 16 wk of age (Group E) compared with unvaccinated controls with maternal antibodies (Group
F). Each curve represents the geometric mean of log2 of the reciprocal of serum CDV neutralizing antibody
titers of an experimental group of raccoons (n 5 8) plotted against age (6SD) from 8 to 19 wk.

seronegative raccoon pups. There was no
significant difference over the period of
observation between titer levels of rac-
coons receiving single or multiple vacci-
nations. Seronegative raccoons captured as
part of a TVR program, in which booster
vaccination is unfeasible or impractical,
should therefore benefit from a single vac-
cination.

Eight-week-old pups were as capable of
responding to vaccination as 16-wk-old
pups. Raccoons can probably mount an
immune response to CDV very early in
life, as is the case in the dog (1 day of age)
and ferret (Mustela putorius furo) (8 days
of age) (Ott and Gorham, 1955).

Maternal antibodies in all seropositive
control raccoon pups declined gradually to
negligible levels by the time they had
reached 20 wk of age. The half-life of ma-
ternal antibodies, estimated at 10.55 days
was similar to that reported for dogs (8.5
days, Gillespie et al., 1958) and ferrets (9.4

days; Appel and Harris, 1988). This decay
reflects normal protein catabolism and is
comparable for various antibodies against
other pathogens (e.g., 9.7 days for parvo-
virus antibodies in dogs (Pollock and Car-
michael, 1982)).

The present study demonstrated that
maternal antibodies will nullify or seriously
interfere with active immunization in 8-
wk-old raccoon pups until they reach up
to 14 to 16 wk of age. Examination of in-
dividual data from raccoons of Group E
reveals differences in the ability of pups to
respond to vaccination in the presence of
similar maternal antibody titers. The rac-
coon in group E that failed to respond to
the third vaccination, could have benefited
from a fourth dose at 18 to 20 wk of age.
It is difficult to determine a threshold an-
tibody titer below which an animal’s ma-
ternal antibodies will not interfere with
vaccination. From Figure 4, it appears that
a titer of 1:32, but not 1:8, will nullify any
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FIGURE 5. CDV neutralizing antibody titers (2log2) 6 SD in vaccinated (n 5 16), euthanatized unvac-
cinated control (n 5 3), and surviving control (n 5 1) raccoons following challenge with CDV.

vaccination attempt. However, in the field,
the immune status of a raccoon pup is
rarely, if ever, known.

Modified-live virus vaccines stimulate a
cell-mediated immune response, which
acts in concert with the humoral arm of
the immune system to protect against
CDV infection and disease (Appel, 1987;
Greene, 1990). Although not assessed in
this study, cell-mediated immunity may
have contributed to protection of vacci-
nates since titers in several animals were
quite low (,1:32) at the time of challenge.
Fourteen of the 16 previously vaccinated
raccoons experienced a rise in antibody ti-
ter in the 10 days following challenge.
While in many animals this increase was
slight, in others it was substantial. In one
raccoon, the titer climbed from 1:12 on
the day of challenge to 1:1,536 on day 10
PC, demonstrating a strong anamnestic re-
sponse. Conversely, three of four unvac-

cinated seronegative control animals de-
veloped clinical signs characteristic of CD
that were severe enough to warrant eutha-
nasia. These three animals did not develop
virus neutralizing antibody titers and typ-
ical CDV inclusion bodies were observed
histologically in their tissues. This is in ac-
cordance with the accepted concept of CD
pathogenesis, in which an early vigorous
humoral response is mandatory for recov-
ery from distemper infection (Appel,
1987).

The fourth control raccoon developed
equivocal signs of illness during the obser-
vation period, but appeared clinically nor-
mal when euthanatized. This raccoon had
a sluggish humoral response to challenge.
A measurable but low titer (1:6) was first
detected at 21 days PC and climbed very
slowly. At necropsy, this raccoon had cys-
titis with pyuria, a common finding in rac-
coons with CD (Monson and Stone, 1976).
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More convincingly, focal non-suppurative
encephalitis, with typical CDV inclusion
bodies in glial cells, was identified histo-
logically. Low-grade or sluggish humoral
responses are often associated with chron-
ic progressive encephalitis in CDV-infect-
ed animals (Appel, 1987). It is likely that
this raccoon would have developed neu-
rological signs over a longer period, al-
though similarly affected animals may re-
cover (Appel, 1987).

In this study, the time between the last
CDV vaccination and the day of challenge
ranged from 13 to 23 wk. Three raccoons
were vaccinated only once at 8 wk of age,
and did not develop CD when challenged
23, 22 and 22 wk later respectively, sug-
gesting that a single vaccination in a se-
ronegative pup confers protection for a
minimum of 5.5 mo. This is consistent
with the notion that immunity conferred
by MLV CD vaccines is long-lasting (Ap-
pel, 1987).

In the present vaccination trial, Galaxy
Dt proved effective in promoting a hu-
moral response in that all seronegative an-
imals developed measurable serum CDV
NAb titers by the second week PV. The
lack of local or systemic reactions suggests
sufficient attenuation of this vaccinal strain
for use in raccoons. Finally, while only
three of four control raccoons developed
clinical signs over the 42 day follow-up pe-
riod, all four had lesions due to CD. Six-
teen vaccinated raccoons, with titers at
challenge ranging from 1:12 to 1:384, re-
mained free of clinical signs of disease
over a 42 days follow-up period, and none
had gross or microscopic lesions of CD
when euthanatized at that time. Statisti-
cally significant protection from clinical or
subclinical infection was therefore
achieved with Galaxy Dt (0/16 vs. 4/4).

Although all seropositive pups were
from wild unvaccinated mothers, some
had very high titers (1:1,536) when initially
tested at 4 to 6 wk of age, suggesting that
the antibody titer in their dam was even
higher (Gillespie et al., 1958). In Figure 3,
linear regression allows estimation of a

mean titer of 1:10,440 in pups of Group F
immediately after colostral intake. This
corroborates the observation that CDV is
circulating in the Scarborough and Barrie
populations of free-ranging raccoons.

In addition to naı̈ve adults, the suscep-
tible subsets of raccoons in an endemic
population would consist of animals born
to naı̈ve dams, plus juvenile raccoons 16
wk or older in which maternal immunity
has waned, leaving them vulnerable to in-
fection. Results from this vaccination trial
suggest that in raccoon orphanages, in cap-
tive animals, or whenever practical or fea-
sible, a vaccination protocol extending to
16 or even 18 wk of age is prudent, par-
ticularly in a canine distemper endemic
area. Immunization of pups at 8, 12, and
16 or 18 wk of age is therefore recom-
mended. However, to boost local free-
ranging raccoon population immunity, the
benefits from an annual TVR program
would be optimal if conducted 4 to 5 mo
after the main whelping season, since all
susceptible population subsets should then
be responsive to a single vaccination.
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