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EXPERIMENTAL RABIES INFECTION IN WILD RODENTS

WILLIAM G. WINKLERT, NATHAN J. SCHNEIDERT, WILLIAM L. JENNINGS�

Abstract: The potential for wild rodents to serve as inapparent rabies reservoirs in
nature has not been well evaluated. In this study five species of rodents were inocu-

lated intramuscularly with rabies virus derived from naturally infected wild animals.

Inoculated rodents were observed for behavioral changes, and those which died were
tested for rabies. Differences in species susceptibility and salivary gland virus tropism
were noted and discussed as these factors might affect the epidemiological potential
of rabies in wild rodents.

INTRODUCTION

Rodents have never been shown to be
involved in the epidemiology of wildlife
rabies. However, the hypothesis that
rodents might play a role in wildlife
rabies epidemiology is an attractive one,
since the existence of such a large un-
recognized reservoir could explain such
enigmas as the occurrence of sporadic
isolated cases of carnivore rabies or the
dogged persistence of rabies in an area
despite exhaustive attempts to eradicate
it from the commonly recognized carni-
vore reservoirs.

Only occasionally do rabies positive
rodents and lagomorphs�i appear in the
national rabies surveillance reports. In
the seven year period 1964-1970 during
which 28, 319 rabid animals were report-
ed in the United States, rabies was diag-
nosed in only 39 rodents.’ There is some
question whether many of these 39 may

not have been diagnostic errors.’

The paucity of bona fide rodent rabies
cases in the surveillance literature has not
been well explained. Approximately 35%

of all animals examined for rabies in
diagnostic laboratories are rodents. Ex-
perimental data do not indicate that

rodents are especially refractory to in-
fection. The experimental infection of
laboratory rodents by parenteral inocula-
tion is a commonplace procedure.’ Infec-
tion by other routes including ingestion,
inhalation, and rectal instillation has also
been reported.””5”'’5’

Experimental infection of laboratory
rodents with rabies is well described, but
experimental or natural infection in wild
rodents is not. In this study the authors
measured the susceptibility of several

wild rodent species (one a laboratory
strain of a common wild species) to
infection with different rabies isolates to
which they might conceivably be exposed
in nature. Salivary glands of the experi-
mentally infected rodents were tested to
evaluate the possibility of these rodents’
transmitting rabies to other animals by
bite.

MATERIALS AND METHODS

Rabies viruses

Bat origin rabies virus was isolated
from the mandibular salivary glands of a
naturally infected Florida yellow bat
(Dasypterus fboridarus) collected near

T Chief, Rabies Control Unit, Viral Diseases Branch, Epidemiology Program, Center for Disease
Control, Health Services and Mental Health Administration, Department of Health,
Education, and Welfare, P.O. Box 363, Lawrenceville, Georgia 30245.

Li Chief, Bureau of Laboratories. Florida State Department of Health and Rehabilitative Services,

Division of Health, P.O. Box 210, Jacksonville, Florida 32201.

T Encephalitis Research Center, 4001 Tampa Bay Blvd., Tampa, Florida 33614.

� “Rodent” as used in the reports, includes the closely related lagomorphs-rabbits, hares and pikas.
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Tampa, Florida. The titer of the pooled
salivary glands was 10’” mouse intracere-
bral 50% lethal dose (MICLD30) per
0.03 ml at the time of original isolation.
Raccoon rabies virus, obtained from the
paired mandibular salivary glands of a

naturally infected raccoon (Procyon lotor)

collected near Inverness, Florida, origin-
ally had a titer of 10’’ MICLD� per 0.03
ml. Fox rabies virus, obtained from the
paired mandibular salivary glands of a

naturally infected red fox (Vulpes fulva)

collected in northwestern Virginia, origin-

ally had a titer of 10’” MICLD10 per

0.03 ml.

In all cases, the inoculum used to infect
rodents was a suspension of the original

tissues rather than mouse passaged mate-

rial. Serial ten-fold dilutions of virus

inoculum were prepared using 10% horse
serum in phosphate buffered saline, pH
7.2, and containing 1000 Units of peni-

cillin and 2 mg of streptomycin per ml.

At the time of inoculation, all viruses

were titrated by intracerebral inoculation
in 3-week-old Swiss white mice to deter-
mine the exact amount of virus given.

Experimental Animals

Gray squirrels (Sciurus carolinensis)

were trapped near Orange Park, Florida.
Kangaroo rats (Dipodoinys merriami) and
cactus mice (Peromnyscus eremnicus) were
collected near Las Cruces, New Mexico.
Cotton rats (Sigmodon hispidus) and
laboratory white rats (Ratlus miori’egicus),

Hartley strain, were obtained from labor-

atory animal colonies and had been born

and reared in captivity.

Gray squirrels included both juveniles

and adults, which were randomly distri-
buted among the experimental cohort
groups. All ithers were adult animals.

All animals were held in individual
cage quarantine for at least 30 days prior
to experimental inoculation.

Virus Inoculation and Animal Observation

Gray squirrels were divided into six
groups of five animals each. Each animal
was inoculated intramuscularly (IM) in
the left cervical muscles with 0.10 ml of

rabies virus inoculum. Three groups

received bat origin virus containing 64,
640, or 6400 MICLD1,’s, and three groups
received raccoon origin virus containing

33, 330, or 3300 MICLD,,’s.

Each of the other four species of
rodents was divided into four groups of

seven to nine animals. All were inoculated
IM in the quadriceps femoris region of
the right leg with 0.03 ml of inoculum
containing 6.3, 63, 630, or 6300
MICLD�’s of fox origin rabies virus.

All inoculated animals were observed
daily for behavioral changes, and any
animals that died after inoculation were
tested for rabies. Gray squirrels were
observed for 142 days, all other rodents
for 75 days.

Rabies testing

Brain and mandibular salivary glands

of all animals that died after inoculation
with rabies virus were tested for rabies

by intracerebral (IC) mouse inoculation
and fluorescent antibody (FA) tests. The
paired mandibular salivary glands of each
animal were pooled and tested as a single
unit. Initial screening of tissues was by
IC mouse inoculation of a 20% tissue
suspension in 10% horse serum - antibi-
otic diluent. Specimens found positive on
screen testing were then titrated in 10-
fold dilutions to determine the amount
of virus present in tissue.

RESULTS

Seven of the 15 squirrels inoculated
with bat origin virus and 13 of the 15
squirrels inoculated with raccoon origin

virus died of rabies (Table 1). The 50%

lethal dose (LD,,) for squirrels inoculat-
lethal dose (LD�) for squirrels inoculated
with bat origin virus was approximately
980 MICLDw; with the raccoon origin
virus it was <33 MICLD50.

Twelve of the 20 rabid squirrels had
demonstrable virus in the salivary glands.
Two squirrels inoculated with bat origin
virus had small amounts of rabies virus
in the salivary glands (‘(1 loglO
MICLD��/0.03 ml), whereas of the 10
salivary gland positive squirrels inocu-
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9Expressed as log,0 MICLDw/’O.03 ml.

lated with raccoon origin virus, six had
large amounts of rabies virus in the

salivary glands (3-4 log MICLD�,/0.03

ml).

Incubation periods in the infected

squirrels ranged from 18 to 86 days,

longest in squirrels that received the

smallest dose of virus.

Clinical signs of rabies in the squirrels

appeared to he unrelated to the source

of infecting virus. About half of the
squirrels infected with both the raccoon
and bat origin viruses died without de-

monstrable clinical illness. The other half
died after exhibiting signs of furious

rabies for approximately 24 hours. In

the furious state these squirrels displayed

the most bizarre behavior the authors

have observed in any of many species of

animals infected with rabies. The squir-
rels were extremely aggressive, attempted
to attack persons who approached, gnaw-
ed metal in their cages, and frequently
engaged in self-mutilation, chewing tails

and feet in some cases to the point of
amputation.

Of the four species of rodents inocu-
lated with fox origin virus, all 30 kan-

garoo rats, 29 of 32 cotton rats, 26 of 36
white rats, and 18 of 33 cactus mice died
of rabies (Table 2). The LD5, with the
fox origin virus was 6.3 MICLD5, for
kangaroo rats and cotton rats, 24

MICLD10 for white rats and 125
MICLD1 for cactus mice. Only kangaroo
rats and white rats developed demon-
strable rabies virus in salivary glands.
Ten of the 17 salivary - gland - positi\e

kangaroo rats had large amounts of virus
(3-4 log� MICLD-�/0.03 ml), whereas

none of the three salivary gland positive
white rats had as much as 1 Iog

MlCLD�1/0.03 Im in the salivary glands.

Incubation periods varied somewhat
with the species infected; in kangaroo
rats, 10-26 days; cactus mice, 15-34 days;
white rats, 12-71 days: and cotton rats

11-73 days. Longest incubation periods

characteristically were related to lowest
doses of virus.

Clinical signs in the four species infect-

ed with fox origin virus did not vary by

species. Most individuals exhibited pro-

gressive ascending paralysis of 3-6 days’

duration terminating in death. No agrres-
sive behavior was observed.

DISCUSSION AND CONCLUSIONS

From the results of the experimental
infections it is apparent that the five
species of rodents tested are susceptible

to rabies infection, and at least two, gray
squirrels and kangaroo rats, may have
appreciable amounts of virus in mandi-

bular salivary glands when infected.

TABLE 1. Results of Gray Squirrel Rabi es Exposure Experiment

Virus type and
dose MICLD,,

Rabid!
exposed

Positive
sal. gland!rabid

Ra
in

<1

nge of Virus Titer
Salivary Glands9

1-2 2-3 3-4

bat 64

bat 640

hat 6400

1/5

2/5

4/5

0/1

1/2

1/4

1

1

Total 7/15 2/7 2 0 0 0

raccoon 33

raccoon 330

raccoon 3300

4/5

4/5

5/5

3/4

3/4

4/5

1 2

2 1

1 3

Total 13/15 10/13 0 1 3 6
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Species MICLD�, Exposed Rabid 1 1-2 2-3 3-4

Kangaroo rat 6.3 7/7 6/7 1 5

63.0 8/8 7/8 1 2 4

630.0 7/7 2/7 1 1

6300.0 8/8 2/8 1 1

White rat

Cotton rat

Total 30/30 17/30 2 3 2 10

6.3 2/9 1/2 1

63.0 6/9 0/6

630.0 9/9 1/9 1

6300.0 9/9 1/9 1

Total 26/36 3/26 3 0 0 0

6.3 5/8 0/5

63.0 8/8 0/8 None positive

630.0 8/8 0/8

6300.0 8/8 0/8

Total 29/32 0/29

6.3 1/7 0/1

63.0 4/9 0/4 None positive

630.0 7/9 0/7

6300.0 6/8 0/6

Cactus mouse
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TABLE 2. Results of Other Rodents Rabies Exposure Experiment

Total 18/33 0/18

All four species received fox salivary gland origin rabies virus.
� Expressed as Log,,, MICLD,,/0.03 ml.

The gray squirrel experiment demon-
strated that the source of infecting virus
may be an important factor in determin-

ing both susceptibility and distribution of

virus in tissues of infected animals. The
raccoon isolate was more virulent (>1
log,,,) than the bat isolate and produced
high titers of virus in the salivary glands

of infected squirrels, whereas the bat iso-

late did not. The relatively small virus
dose required to infect squirrels with the
raccoon isolate suggests that they might

readily be infected in nature by a rabid
raccoon. It appears that squirrels are
much less susceptible to natural infection
with bat rabies if the yellow bat isolate
used in this experiment is representative
of all bat isolates. The aggressive behavior
seen in half of the rabid squirrels suggests
that if natural infection does occur some
individuals could be expected to attack
other animals, even larger carnivores,
and so spread infection between species.

The experiments with the other four
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species of rodents exposed to fox origin

virus demonstrated that differences in

species susceptibilities do exist in wild

rodents. Kangaroo rats were obviously

the most susceptible of the rodents ex-

posed to the fox isolate. This is also the
only species in which infected animals

had appreciable amounts of virus in the

salivary glands. Like the squirrels infected

with the raccoon isolate, kangaroo rats

infected with this fox isolate had good

potential for transmitting rabies by bite.

Unlike the squirrels, rabid kangaroo rats

exhibited no aggressive behavior. How-

ever, aggressive behavior may not be a

prerequisite to rabies transmission by

small rodents. Bell and Moore have
demonstrated that rabies transmission to
carnivores by ingestion of rabid rodents

is not difficult.

It is easy to recognize the potential for
moribund rabid rodents which constitute

normal prey species of carnivores to serve

as a source of infection for these preda-
tory species.

The differences in responses between
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