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ABSTRACT: In this study, we review annual rabies data from Massachusetts from 1985 to 2006,
spanning the introduction of raccoon strain rabies in 1992. Of 52,034 animals tested, 9.7% (5,049/
52,034) were rabid, representing 26 of over 67 species submitted. Bats were the most common
rabid animals prior to 1992 (50 of 52), but raccoons (Procyon lotor) became the most common
rabies-positive species upon arrival of raccoon strain rabies virus (38.2%, 2,728 of 7,138 tested),
followed by striped skunks (Mephitis mephitis, 34.4%, 1,489 of 4,332), bats (5.3%, 427 of 8,053),
foxes (red fox, Vulpes vulpes, and gray fox, Urocyon cinereoargenteus, 16.3%, 135 of 827), cats
(0.8%, 136 of 18,050), and woodchucks (Marmota monax, 5.7%, 82 of 1,446). Cats were the most
frequently tested animal (34.7%). Raccoon strain rabies spread from two foci of introduction with
an initial epizootic phase of 4 yr, by which time most of the state was affected. In 1992, there was a
transition from enzootic bat rabies, with little spillover to other animals, to terrestrial rabies
associated with raccoon strain virus. Although raccoons were most affected by the raccoon strain
virus, there was spillover to other species, particularly to skunks. The eastern United States
raccoon rabies epizootic led to a marked increase in submissions for rabies testing and the number
of positive animals detected; however, bat rabies cases remained at their previous levels. Wild
animal rabies presents a significant threat to humans and domestic/companion animals and
increased costs related to increased demand for rabies testing, postexposure prophylaxis as well as
euthanasia of valuable domestic animals.

Key words: Animal rabies, direct fluorescent antibody test, rabies suspect exposure,
raccoon, raccoon strain rabies, spillover, wildlife.

INTRODUCTION

Rabies is transmitted to humans pri-
marily through the saliva and neurologic
tissues of infected animals by direct or
indirect exposure (Fishbein and Robinson,
1993; Rupprecht et al., 1996; Faber et al.,
2004) and the disease is almost invariably
fatal (Hattwick et al., 1972; Willoughby et
al., 2005). There have been very rare
reported cases of survival after the devel-
opment of rabies (Centers for Disease
Control [CDC], 2004). Postexposure pro-
phylaxis (PEP) is still the only effective
way to prevent rabies after exposure
(Rupprecht and Gibbons, 2004).

Three major epizootics of rabies have
occurred in Europe, Canada, and the
United States since World War II; vectors
have included the red fox (Vulpes vulpes),
the arctic fox (Alopex lagopus), and rac-

coons (Procyon lotor), respectively (Real et
al., 2005). The raccoon strain of rabies virus
spread throughout the east coast of the
United States following the importation of
rabid raccoons into West Virginia from
Florida in 1977 and has become a threat to
human and domestic animals because of the
close contact of raccoons with human
habitat (Real et al., 2005). Thus far, there
has been only one identified case of human
rabies due to the raccoon virus variant
(CDC, 2003). Raccoon strain rabies arrived
in Massachusetts in September 1992. Prior
to 1992, rabies was found almost exclusively
in bats and ‘‘spillover’’ of rabies from the bat
reservoir to terrestrial animals was rare
(Fielding et al., 1973; Fielding and Russo,
1977). In this study, we analyzed animal
rabies detection data from Massachusetts,
USA from 1985 to 2006 and describe trends
and distribution of affected animals.

Journal of Wildlife Diseases, 45(2), 2009, pp. 375–387
# Wildlife Disease Association 2009

375

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use



MATERIALS AND METHODS

The Massachusetts State Laboratory Insti-
tute (MSLI) Rabies Laboratory uses the direct
fluorescent antibody test (DFA) on all sub-
mitted animal brain specimens according to
the procedures recommended by the CDC.
This approach is used as the primary diagnos-
tic test in the United States and has a
sensitivity approaching 100% (Smith et al.,
1999). Parallel tests were done with two
antibody conjugates, one from Chemicon
International, Inc. (now Millipore, Billerica,
Massachusetts, USA) and the other from FDI
Fujirebio (Fujirebio Diagnostics, Inc., Mal-
vern, Pennsylvania, USA). Retesting was
performed for discrepant results. Decomposed
brain tissue or brain tissue without recogniz-
able brain stem and cerebellum are tested, but
if negative, results from poor-quality speci-
mens are reported as ‘‘unsatisfactory for rabies
testing.’’ Positive rabies specimens were strain
typed with a panel of fluorescent conjugated
monoclonal antibodies (Millipore). The time
from the death of an animal to rabies testing
was categorized as follows: 0 day, 1–5 days, 6–
14 days, greater than 2 wk, and unspecified
(unknown animal death date).

Exposures to rabid or potentially rabid
animals were classified as human, companion
and/or domestic animal (pet), both human and
animal, or unspecified/unknown. The type of
the exposure was classified as bite, scratch, lick,
indirect (contact with saliva or neural tissue of
potentially rabid animal on another surface,
such as an attacked domestic animal), and other
or unspecified. The type of animal for which a
specimen was submitted for diagnostic testing
was classified as companion/domestic, wild,
stray (unowned companion animal), and un-
specified. Data were collected from test request
forms and stored in a Foxpro database, which
was specifically designed for the Rabies Labo-
ratory. Chi-square tests were applied to test for
frequency differences. Color mapping was
performed to describe the raccoon strain rabies
introduction and geographic distribution in
Massachusetts. For data cleaning and statistical
analyses we used the SAS statistical package
version 9.1 (SAS Institute Inc., Cary, North
Carolina, USA), and for mapping we used the
software ArcView Version 9.1 (Environmental
Systems Research Institute, Inc. [ESRI], Red-
mond, Washington, USA).

The G-plot procedure was used for investi-
gation of the proportion variation among four
most commonly rabid terrestrial wild animals,
temporal trends in submission of bats for
rabies testing and rabid bats, as well as for
seasonal variations.

RESULTS

Animal rabies detection

From 1985 through 2006, 52,034 sus-
pected rabid animals were tested; 9.7%

(5,049/52,034) were confirmed rabies pos-
itive and 2.7% (1,416/52,034) were report-
ed as unsatisfactory. Rabies test results by
year are presented in Table 1. Submis-
sions included 67 animal species, of which
26 were positive. Among submitted ani-
mals, rabies virus infection was confirmed
in 38.2% (2,728/7,138) of raccoons, 34.4%

(1,489/4,332) of striped skunks (Mephitis
mephitis), 5.3% (427/8,053) of bats, 16.3%

(135/827) of foxes (includes both red fox
[V. vulpes] and gray fox [Urocyon ciner-
eoargenteus]), 0.8% (136/18,050) of cats,
5.7% (82/1,446) of woodchucks (Marmota
monax), 14.2% (15/106) of cows, 9.1% (9/
99) of coyotes (Canis latrans), 0.1% (8/
6,767) of dogs, 1.6% (3/182) of horses,
44.4% (4/9) of river otters (Lutra cana-
densis), 9.7% (3/31) of pigs, 22.2% (2/9) of
bobcats (Lynx rufus), 6.9% (2/29) of
fishers (Martes pennanti), 1% (1/97) of
white-tailed deer (Odocoileus virginia-
nus), 0.9% (1/114) of goats, 0.2% (1/568)
of rabbits, 1.9% (1/54) of shrews, 0.1% (1/
1,591) of squirrels and one of two
chinchilla. The 10 most frequently tested
animals were cats (34.7% of total), bats
(15.5%), raccoons (13.7%), dogs (13.0%),
striped skunks (8.3%), squirrels (3.1%),
woodchucks (2.8%), opossums (Didelphis
virginiana, 1.7%), foxes (1.6%), and rab-
bits (1.1%), and the six most frequent
rabid animals were raccoon (54% of the
positives, 2,728/5,049), striped skunk
(29.5%, 1,489/5,049), bats (8.5%, 427/
5,049), fox (2.7%), cat (2.7%), and wood-
chuck (1.6%). Bats were primarily big
brown bats (Eptesicus fuscus, 91.3% of
positive bats).

Annual trends (1985–2006)

Bats were the only rabid animals
identified from 1985 to 1990. In 1991,
two rabid foxes with a bat strain virus were
identified. The raccoon strain of rabies
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virus became predominant after late 1992,
and there was dramatic spillover of this
strain into other animals, notably striped
skunks. Trends for the four most com-
monly rabid terrestrial wild animals from
1992 through 2006 are shown in Figure 1.

There was a significant decrease in
rabies-positive raccoons (P,0.001) and
striped skunks (P,0.001) from 1995 to
1996. Overall, there was a 71.3% decrease
in positive specimens, with only a 12.6%

decrease in submissions and no change in
the proportion of unsatisfactory speci-
mens. Rabies-positive specimens also de-
creased for fox, cat, bat, and woodchuck in
the same period, but differences were not
statistically significantly.

Seasonal trends

The proportions of rabies-positive spec-
imens were highest in March, April,
October, November, and December; in

these months more than 12% of submis-
sions tested positive. July had the highest
percentage of unsatisfactory specimens
(4.8%) and the lowest proportion of
rabies-positive animals (6.0%; Fig. 2).

Timeliness of specimen receipt and test result

Most specimens (71.6%) were tested 1–
5 days after the death of the animal and
3.7% were tested the day of death
(Table 2). Delivery of the specimen later
than 2 wk occurred in 0.3%, with the
longest delay being 75 days. There was a
significant association between unsatisfac-
tory specimen and time between death of
the animal and testing (P,0.001). If
specimens were delivered more than
2 wk after the death of the animal,
14.5% were unsatisfactory. The unsatis-
factory proportion was 4.1% for specimens
with an unspecified death date. The
overall unsatisfactory proportion of those

TABLE 1. Annual specimen submission, rabies-positive, and unsatisfactory specimen results in
Massachusetts, 1985–2006.

Year Number of specimens

Positive for rabies Unsatisfactorya

No. % No. %

1985 408 8 2.0 23 5.6
1986 766 7 0.9 18 2.3
1987 662 5 0.8 22 3.3
1988 430 3 0.7 17 4.0
1989 225 5 2.2 7 3.1
1990 242 10 4.1 11 4.5
1991 386 14 3.6 12 3.1
1992 1,079 57 5.3 30 2.8
1993 3,972 720 18.1 77 1.9
1994 4,532 735 16.2 95 2.1
1995 3,438 400 11.6 65 1.9
1996 3,005 115 3.8 60 2.0
1997 3,128 282 9.0 96 3.1
1998 3,938 498 12.6 100 2.5
1999 3,270 226 6.9 64 2.0
2000 3,310 276 8.3 66 2.0
2001 3,346 280 8.4 110 3.3
2002 3,137 304 9.7 116 3.7
2003 2,983 216 7.2 83 2.8
2004 3,479 327 9.4 92 2.6
2005 3,388 329 9.7 127 3.7
2006 2,910 232 8.0 125 4.3
Total 52,034 5,049 9.7 1,416 2.7

a If no rabies virus infection was detected and there was poor specimen quality (desiccated or decomposed brain tissue,
brain tissue without recognizable brain stem and cerebellum, etc.), the result reported ‘‘unsatisfactory for rabies testing.’’
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specimens with information about death
and submission date was 2.3% (958/
41,119), except for frozen specimens that
were part of a US Department of Agricul-
ture (USDA) survey project.

Specimens delivered late (more than
2 wk from animal death to rabies testing)
included 29.5% (49/166) of cats, 21.1%

(35/166) of bats, 16.3% (27/166) of rac-
coons, 12% (20/166) of dogs, 9.6% (16/
166) of skunks, and less than 3% of other
animals. Confirmed rabid animals among
late-delivered specimens included 10 bats,
8 raccoons, 3 skunks, and 1 fox.

Human/animal exposure, exposure type, and
source animal of specimen

Of 52,034 animals tested, 56.9%

(29,628/52,034) were associated with hu-
man exposure only, 20.1% (10,449/52,034)
companion or domestic animal only, 8.3%

(4,306/52,034) both, and for 14.7% (7,651/

52,034) there was no exposure or no
exposure information (Table 3). Active
surveillance for monitoring the spread of
raccoon strain rabies and evaluating an
oral rabies vaccine (ORV) baiting project
contributed 40.8% (3,119/7,651) of the
animals without exposure or without
exposure information; these submissions
were mostly raccoons and skunks and
13.2% (412/3,119) were rabid. Compan-
ion/domestic animal–only exposures were
associated with the highest positive pro-
portion (24.3%), whereas human-only
exposure had the lowest positive propor-
tion for rabies (2.3%). Animals that
exposed both people and animals were
similar to that of animal only (19.5%

positive). Specimen-unsatisfactory propor-
tions followed a similar pattern.

There were 64,697 exposures associated
with the 44,383 specimens that were
submitted with exposure information (1.4

FIGURE 1. Raccoon strain rabies among the four most commonly rabid terrestrial wild animals in
Massachusetts, 1992–2006.
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exposures per submission). The highest
proportion of rabies positives was found in
animals associated with indirect exposure
(28.7%, 442/1,539) and the lowest was
for scratch exposure (4.5%, 243/5,354;
Table 4).

Wild animals had the highest rabies
prevalence (19%), followed by unspecified

(6.5%), stray (1.2%), and companion/
domestic animals (0.5%). The differences
between wild and either owned or stray
companion/domestic animals were signif-
icant (P,0.001, df53). Cats accounted for
52.8% (47/89) of rabies-positive compan-
ion/domestic animals and 76.8% (76/99) of
positive stray animals. Raccoons and

FIGURE 2. Monthly variation in percentage rabies-positive and unsatisfactory specimens submitted in
Massachusetts, 1985–2006.

TABLE 2. Specimens rabies positive and unsatisfactory with respect to time between animal death and rabies
testing in Massachusetts, 1985–2006.

Category of time of death to testing Number of specimens

Positive Unsatisfactory

No. % No. %

0 day 1,932 170 8.8 21 1.1
1–5 days 37,250 3,649 9.8 806 2.2
6–14 days 1,771 144 8.1 107 6.0
15–75 days 166 22 13.3 24 14.5
Unspecified 10,763 1,004 9.3 446 4.1
Frozena 152 60 39.5 12 7.9
Total 52,034 5,049 9.7 1,416 2.7

a Tested as part of a US Department of Agriculture surveillance project.
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skunks accounted for 56.7% (2,658/4,684)
and 29.8% (1,397/4,684) of positive wild
animals, respectively. The unsatisfactory
specimen proportion was highest in wild
animals (4.7%) and lowest in companion/
domestic animals (0.5%), respectively
(P,0.001, df53).

Geographic distribution of raccoon rabies

There were two independent points of
introduction of raccoon strain rabies into
Massachusetts, USA. The first positive,
reported in Ashby in the north-central
part of the state on 16 September 1992,
was followed by a broad expansion in a
southeastern direction. The second intro-
duction, reported in Monterey in the
southwest corner of the state on 25
November 1992, displayed a multidirec-
tional or circular diffusion. From these
introductions, raccoon rabies rapidly
spread statewide (Fig. 3). In early 2004,
rabid raccoons were found in four previ-
ously unaffected towns on Cape Cod, an

area that had been shielded by a success-
ful wildlife rabies immunization project
(Robbins et al., 1998). Only 15 towns out
of 351 cities and towns had yet to confirm
the presence of raccoon rabies by the end
of 2006, and these included the seven
towns on the islands of Martha’s Vineyard
and Nantucket. Only three of the smallest
towns in the state had yet to submit a
specimen for testing by the end of 2006.

Rabies in bats

Of 8,053 bats tested, 88.8% (7,151/
8,053) were identified as big brown (E.
fuscus) and 7.6% (613/8,053) little brown
(Myotis lucifugus) bats. Keen’s long-eared
(Myotis keenii, n595, 1.2%), red (La-
siurus blossevillii, n547, 0.6%), hoary
(Lasiurus cinereus, n517, 0.2%), and
silver-haired (Lasionycteris noctivagans,
n516, 0.2%) bats comprised the balance.
Among 113 (1.4%) bats that were not
identified to species, there were no
positives. One Seychelles fruit bat (Pter-

TABLE 3. Proportions of specimens submitted for rabies testing by exposure category with specimens
positive and unsatisfactory for rabies testing in Massachusetts, 1985–2006.

Category of exposurea
No. of specimens

submitted (%)

Specimens positive for rabies Specimens unsatisfactory

No. % No. %

Human only 29,628 (56.9%) 686 2.3 448 1.5
Companion/domestic animal only 10,449 (20.1%) 2,538 24.3 547 5.2
Human and animal 4,306 (8.3%) 840 19.5 198 4.6
Unspecified 7,651 (14.7%) 985 12.9 223 2.9
Total 52,034 5,409 9.7 1,416 2.7

a Human and/or companion/domestic animal exposure.

TABLE 4. Category of exposure for rabies-positive and unsatisfactory specimens submitted in
Massachusetts, 1985–2006.

Category of exposure No. of exposures reported

Specimens positive for rabies Specimens unsatisfactory

No. % No. %

Bite 21,880 2,327 10.6 347 1.6
Scratch 5,354 243 4.5 38 0.7
Lick 2,099 238 11.3 71 3.4
Indirect 1,539 442 28.7 68 4.4
Other 12,317 2,211 18.0 567 4.6
Unspecified 21,508 2,816 13.1 781 3.6
Total 64,697 8,277 12.8 1,872 2.9
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opus seychellensis) was submitted by a zoo
for rabies testing and was negative.
Prevalence rates were similar for big
brown (5.5%, n5390) and little brown
bats (4.1%, n525). Among the species
with fewer numbers, positive results were
observed for 23.5% (four positives) of
hoary, 8.5% (four positives) of red, 6.3%

(one positive) of silver-haired, and 3.2%

(three positive) of Keen’s long-eared bats.
Among all rabies-positive bats, 91.3%

were big brown, 5.9% were little brown,
and 2.8% were the less common species.

For the period 1985–1991 (prior to the
arrival of raccoon rabies), an average of
103 bats were submitted per year for
rabies testing, with 6.9% positive. Bats
accounted for 23.2% of the animals tested
during this period. From 1992 through
1998, there were an average of 303
submissions per year, with 6.4% testing
positive, but these accounted for only
9.2% of laboratory submissions. For the

period 1999–2006, following revised rec-
ommendations associated with reports of
increased risk from bat exposure without
known bite or scratch (CDC and the
Advisory Committee on Immunization
Practices [ADIC]: Human Rabies Preven-
tion—United States, 1999), there were an
average of 651 submissions per year, with
4.7% positive; these accounted for 20.2%

of submissions (Fig. 4).

DISCUSSION

The arrival of raccoon strain rabies in
Massachusetts in 1992 had a dramatic
impact on testing demand, species of
animal submitted, types of animals posi-
tive for rabies, and circumstances sur-
rounding specimen submission and test-
ing. Prior to 1992, there were a small
number of positive specimens annually,
and they were almost exclusively bats
(Fielding et al., 1973; Fielding and Russo,

FIGURE 3. The spread of raccoon strain rabies across Massachusetts by cities and towns, 1992–2006.
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1977). After 1992, specimen submissions
increased to almost eightfold, and the
number of positive animals increased to
45-fold. Similar to observations in other
jurisdictions (Fischman et al., 1992; Krebs
et al., 1994; Wilson et al., 1997; Guerra et
al., 2003; Krebs et al., 2004), raccoons and
skunks with the raccoon strain virus
became the predominant animals positive
for rabies, and the diversity of submitted
and positive animals continued to increase
significantly. In the period 1985–1991,
bats accounted for 50/52 (96%) rabies-
positive animals, with two foxes with bat
strain rabies. Spillover of bat rabies into
terrestrial mammals occurs, but is limited
(Crawford-Miksza et al., 1999; Krebs et
al., 2002; Shankar et al., 2005). After 1991,
the vast majority of 4,997 positive animals
identified in Massachusetts had the rac-
coon strain. Raccoon strain rabies is
readily transmitted to a variety of terres-

trial animals, most notably skunks (Fisch-
man et al., 1992; Roscoe et al., 1998;
Gordon et al., 2004).

Although raccoons, skunks, and bats
were most frequently confirmed rabid,
cats were the most frequently submitted
animal. Cats accounted for 34.3% of
submitted animals, but less than 1% of
submitted cats were rabid and they
accounted for only 2.7% of rabid animals.
Raccoons and skunks accounted for 22.0%

of submissions, but 83.5% of positives.
Bats were 15.5% of submissions and 8.5%

of positives. These characteristics of ani-
mal submissions and testing results mirror
those observed in Connecticut (Wilson et
al., 1997). The relative number of submis-
sions and positive results relate to the
transmission characteristics of raccoon
rabies, the continued enzootic occurrence
of bat rabies, the accessibility of animals
for testing, and public awareness. Al-

FIGURE 4. Temporal trends in submission of bats for rabies testing and bats found to be rabid in
Massachusetts, 1985–2006.
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though exposures to wild animals may
frequently involve an animal that is not
subsequently captured or tested (especial-
ly those not affected by rabies), the
potential for capturing a cat, owned or
stray, probably is greater. Nonetheless,
despite the availability of cats to test for
rabies after human exposure and the low
proportion of positives, cats consistently
account for a majority of postexposure
prophylaxis courses (Wyatt et al., 1999;
Blanton et al., 2005).

Positive rabies specimens were most
frequently detected in the spring and fall.
The summer had the highest proportion of
specimen submissions; prevalence was
lower. Some of the increase in the number
of rabies cases in the spring may be
related to the emergence of susceptible
yearlings and juveniles. The increased
number of submissions in the summer
accounts for the lower prevalence (higher
denominator), and most likely relates to
the likelihood of human and domestic
animal encounters with wild, stray, and
owned animals, rabid and otherwise. Fall
is associated with fewer encounters and
higher likelihood that an encounter would
be with a rabid animal demonstrating
abnormal behavior. Similar seasonal vari-
ation in rabies incidence in animals with
the introduction of raccoon strain rabies
has been observed in other areas (Jenkins
et al., 1988; Fischman et al., 1992;
Torrence et al., 1992; Krebs et al., 2000;
Guerra et al., 2003).

Timeliness of rabies specimen delivery
and testing in Massachusetts has been
quite good, with the majority tested in 5
days or less, despite the large increases in
demand. Annual proportion of unsatisfac-
tory specimens ranged from 2.3 to 5.6%

prior to 1992 compared to 1.9 to 4.3% in
1992 and later, when many more speci-
mens were submitted. The reasons for
specimens being unsatisfactory are sever-
al, including deterioration related to de-
composition and insufficient specimen
due to destruction of brain and brain stem
tissue. The former underlies the correla-

tion between unsatisfactory specimens
and delays in submission, and the latter
is often seen in bats damaged during
capture or killing. An indicator of the role
of decomposition in unsatisfactory speci-
mens is the proportion of unsatisfactory
specimens in the summer months, when
there is more opportunity for heat effects
before collection and breaks in consistent
cold storage. Proportions of unsatisfactory
specimens were least (1.5%) when there
was only human exposure to a potentially
rabid animal. The unsatisfactory propor-
tions when a domestic animal, or a
domestic animal and human, were ex-
posed were 5.2% and 4.6%, respectively.
The human-only exposures accounted for
56.9% of submitted animals with 2.3%

positive, whereas the domestic animal and
both domestic animal and human expo-
sures contributed almost 30% of the
submitted animals, with positivity of
23%. The lack of a specimen to test may
result in unnecessary, expensive, uncom-
fortable, and inconvenient postexposure
prophylaxis or euthanasia of a valued or
valuable animal.

Animals that were the source of indirect
human exposures (exposure of a person to
an animal that was exposed to another
potentially rabid animal) were most likely
to be positive and scratch exposures were
the least likely. The nature of the indirect
exposure is usually a fight between an
aggressive wild animal and a dog. This has
become a common precipitant of postex-
posure prophylaxis for rabies in the
northeast (Wyatt et al., 1999; Bretsky and
Wilson, 2001). Aggressive behavior against
a dog is abnormal behavior for most
raccoons and skunks, so it is not surprising
that these animals are likely to be rabid.
Although indirect exposures lead to many
instances of postexposure treatment, there
is no evidence that this type of exposure
has been associated with cases of human
rabies (Rupprecht and Gibbons, 2004).
Scratch exposures tend to involve interac-
tions with cats, especially stray cats, and
such scratches can be consistent with
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normal behavior. Scratch exposures led to
testing over three times more frequently
than indirect exposures, in part because
the animals were more accessible.

Wild animals tested for rabies in
Massachusetts were more likely to be
rabid than domestic animals, consistent
with the situation in the developed world,
in which canine rabies has been controlled
or eliminated (Blanton et al., 2007; CDC,
2007). More raccoons were positive than
skunks, but the spillover of raccoon strain
rabies into skunks is significant, and in
some areas, including Massachusetts, ra-
bid skunks with raccoon strain have
outnumbered rabid raccoons, raising a
concern about skunk-to-skunk transmis-
sion of the raccoon virus variant (Krebs et
al., 2000). Cat rabies in the United States
reflects spillover of the dominant terres-
trial rabies virus where it occurs (McQuis-
ton et al., 2001). Cats were the most
frequent domestic animal positive in
Massachusetts, and most of the positive
cats were strays. Submitted cats are less
likely to be vaccinated than dogs, even
though state law requires that both dogs
and cats have documentation of vaccina-
tion. This highlights the critical prevention
message of having cats vaccinated and of
avoiding stray cat exposure, to eliminate
the risk of rabies as well as the expense
associated with testing and postexposure
prophylaxis. The costs associated with
preventing rabies are substantial (Kreindel
et al., 1998; Chang et al., 2002; Shwiff et
al., 2007). Raccoon rabies spread across
Massachusetts from two distinct foci of
introduction in 1992, one in the north-
central part of the state and one in the
extreme southwestern corner, as shown in
Figure 3. Increased testing allowed for an
ongoing analysis of spatial trends and
dynamics of the epidemic over time.
During the initial 4 yr, rabies spread across
the state, sparing only Cape Cod and the
islands of Nantucket and Martha’s Vine-
yard, a wildlife rabies vaccination program
providing an immune barrier along the
Cape Cod Canal (Robbins et al., 1998). By

1996, with the otherwise complete involve-
ment of the state, there was a precipitous
drop in animal submissions and positivity.
This reflects population dynamics in the
face of an epizootic of fatal disease and the
exhaustion of susceptible animals to sustain
the force of infectivity. This is consistent
with the 48-mo period of the first epizootic
phase in the predictive modeling (Childs et
al., 2000) and other temporal and spatial
analysis of wildlife rabies (Bögel et al., 1976;
Hanlon et al., 1999; Guerra et al., 2003).
Since that time, a less dramatic, approxi-
mate 5-yr cycle may be in evidence, with
geotemporal hot spots of intensified activity
occurring. A recent hot spot occurred on
Cape Cod following the breach of the
vaccine barrier in 2004. Epizootic spread
and temporal–spatial clustering have been
characteristic of the spread of raccoon
rabies in the eastern United States (Fisch-
man et al., 1992; Childs et al., 2000;
Recuenco et al., 2007). The clusters of
intensified activity in local areas also
contribute to the cyclic pattern.

Bat rabies has been and continues to be
a source of human rabies risk (Rupprecht
et al., 2004). Bats continue to consistently
test rabies positive. The bats submitted for
testing and found to have rabies in
Massachusetts, overwhelmingly big brown
bats, are the same species as those
reported previously in New York (Childs
et al., 1994). The arrival of raccoon rabies
was associated with a greater than twofold
increase in demand for testing of bats,
most likely related to increased awareness
of rabies in general, with no change in the
proportion of bats found rabid. Recom-
mendations in response to the recognition
that most indigenous cases of human
rabies in the United States are due to
bat strains of the virus, often without
defined exposure (CDC and ACIP, 1999),
also led to increased demand for bat
testing and increased post-exposure treat-
ment. Several limitations of this study
should be noted. In particular, the primary
and often the only source of information
was on test request forms. In many
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instances, information was incomplete and
inferences may have been made on the
basis of the information supplied. The
reliability of data provided could not be
validated, but in instances of positive
results, follow-up with the submitter or
the exposed often supplied confirmation
not available for negative submissions.
Identification of East Coast raccoon rabies
virus variant was made in the majority of
spillover cases by testing with monoclonal
antibody conjugates and in only a limited
number of cases, by genomic analysis;
thus, it was usually assumed that raccoons
were positive for the raccoon epizootic
strain. There were 52 rabies-positive
specimens out of 3,119 animals, primarily
raccoons and skunks, submitted by USDA
for surveillance purposes and for evaluat-
ing of the oral raccoon vaccine (ORV)
baiting project. These did not have human
or pet exposure. Unfortunately, we are
unable to differentiate the specimens by
purpose. Including these submissions, the
proportion of positive specimens de-
creased from 10.5% to 9.7%. Finally,
and of some importance whenever labo-
ratory submissions are the basis for
inferences about wildlife disease, there is
no information on similar interactions and
events that do not lead to submission of
specimens. Specimens associated with
human and domestic animal exposures
were targeted for testing.

The spread of raccoon strain rabies
across the eastern United States since
1980 has had a large impact on public
health programs, including public health
laboratories, where essentially all of the
public health rabies testing is done. In
Massachusetts, the volume of testing rose
substantially and the characteristics of
animal rabies changed markedly. Prior to
1992, encounters with potentially rabid
terrestrial animals were less commonly
followed up with testing, and tests were
rarely positive. Now, both terrestrial and
bat rabies remain enzootic and a continuing
challenge to public health agencies, and
especially to public health laboratories.
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