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Summary—During 2013, 53 reporting jurisdictions reported 5,865 rabid animals and 3 hu-
man rabies cases to the CDC, representing a 4.8% decrease from the 6,162 rabid animals
and 1 human case reported in 2012. Ninety-two percent of reported rabid animals were
wildlife. Relative contributions by the major animal groups were as follows: 1,898 raccoons
(32.4%), 1,598 bats (27.2%), 1,447 skunks (24.7%), 344 foxes (5.9%), 247 cats (4.2%),
86 cattle (1.5%), and 89 dogs (1.5%). One human case was reported from Maryland. The
infection was determined to have been transmitted via organ transplantation. Infection in
the organ donor, a North Carolina resident, was retrospectively diagnosed. Both the organ
donor and the organ recipient were infected with the raccoon rabies virus variant. The third
human case, reported by Texas, involved a Guatemalan resident who was detained while
crossing the US border. The infection was determined to be caused by a canine rabies virus
variant that circulates in Central America. (J Am Vet Med Assoc 2014,245:1111-1123)

C ases of animal and human rabies are reported annu-
ally within the United States, and rabies has been a
nationally notifiable condition since 1944.! Since 1960,
most animal rabies cases have involved wildlife. The
number of human rabies cases has steadily declined be-
cause of elimination of the canine rabies virus variant as-
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cies (ie, bats [order Chiroptera], foxes [Urocyon or Vulpes
sppl, mongooses [Herpestes javanicus], raccoons [Procyon

sociated with domestic dogs, timely application of mod-
ern rabies biologics following suspected rabies exposure,
and successful educational outreach campaigns.*”
Rabies is a disease caused by RNA viruses in the genus
Lyssavirus (family Rhabdoviridae).* Currently, 14 species of
lyssaviruses have been identified.” However, only 1 species,
Rabies virus, has been detected in the western hemisphere.
All mammals are susceptible to rabies virus infection, which
can occur via bites from infected animals or contamination
of fresh wounds or mucous membranes with infectious ma-
terial (ie, saliva or nervous tissue). Since the elimination of
the canine rabies virus variant from the United States dur-
ing the late 1970s, most reported rabid animals have been
wildlife.® These cases occur predominantly in reservoir spe-

lotor], and skunks [family Mephitidae). While spillover of
rabies virus variants may occur, such reports are less fre-
quent, and spillover infections are rarely associated with
sustained transmission among nonreservoir species.”’ Ter-
restrial rabies virus variants circulate in distinct geographic
regions, whereas bat-associated rabies virus variants cover
broad geographic regions across the range of their associat-
ed bat species.® Molecular epidemiology suggests that there
are 2 distinct lineages of circulating variants associated with
canids and bats. Of the current rabies virus variants in cir-
culation among terrestrial mammals, 6 are canine lineages
(Arctic fox rabies virus variant, Arizona gray fox rabies vi-
rus variant, Texas gray fox rabies virus variant, California
skunk rabies virus variant, north central skunk rabies vi-
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rus variant, and mongoose rabies virus variant), and 2 are
bat lineages (raccoon rabies virus variant and south central
skunk rabies virus variant).”

Despite its high fatality rate once clinical signs develop,
rabies is entirely preventable if postexposure prophylaxis is
administered in a timely manner after a suspected rabies ex-
posure.’ For human patients who have never received rabies
vaccination, the postexposure prophylaxis series consists of
immediate wound washing, infiltration of the wound with
human rabies immune globulin, and administration of 4
doses of cell culture vaccine IM in the deltoid muscle on
days 0, 3, 7, and 14.>® The postexposure prophylaxis series
for patients who were previously immunized consists of 2
booster doses of rabies vaccine on days 0 and 3.2

Pre-exposure prophylaxis is recommended for indi-
viduals at higher risk of rabies exposure because of occu-
pational hazards or recreational activity®® In addition, if
a person is traveling to areas in which rabies is endemic
and medical care may be difficult to obtain, he or she may
have pre-exposure prophylaxis administered to avoid the
need for costly medical evacuation.’ Pre-exposure prophy-
laxis consists of administration of 3 doses of cell culture
vaccine IM in the deltoid muscle on days 0, 7, and 21 or
28. Pre-exposure prophylaxis does not eliminate the need
for medical care following a potential rabies exposure, but
simplifies the protocol and eliminates the need for admin-
istration of human rabies immune globulin.*°

This report presents an overview of rabies epide-
miology and events that occurred during 2013. Sum-
maries of rabies surveillance activities during 2013 are
also provided for Canada and Mexico.

Reporting and Analysis

Rabies is primarily diagnosed in animals through
application of the direct fluorescent antibody test, which
requires a full cross section of the brainstem and cerebel-
lum and thus euthanasia of the animal.!' Routine ani-
mal rabies diagnostic testing is currently

specimen collection for all animals tested, with the exception
of California. During 2013, only data for cases with positive
rabies test results were available from California at the time of
reporting. Additional data requested from reporting jurisdic-
tions included the rabies vaccination status of domestic ani-
mals, exposure history, and rabies virus variant typing results
for rabid animals. Percentages of rabid animals were calcu-
lated as previously described." California data were removed
from 2013 and preceding years in this report when ratios of
rabid to submitted animals were compared between years. A
total of 96,589 samples were submitted for laboratory diag-
nosis, of which 94,359 were considered suitable for testing
(Figure 1). This represented a 5.0% decrease from the
101,699 animals found suitable for testing during 2012 (ex-
cluding California). The direct rapid immunohistochemistry
test was the primary rabies diagnostic test used for 5,375 ani-
mals found suitable for testing by USDA Wildlife Services as
part of active surveillance efforts. This accounted for 5.7% of
all animals tested in 2013. Most counties in the United States
submitted between 2 and 25 animals for rabies diagnostic
testing during 2013. Animals submitted for rabies diagnostic
testing were predominantly selected on the basis of abnormal
behavior or visible illness or because they were involved in
potential exposure incidents involving humans or domestic
animals. Because animals submitted for rabies diagnostic
testing were selected on the basis of these criteria and did
not represent a random sample of all animals, percentages
reported are not likely to be representative of the incidence
of rabies within animal populations. The number of animals
submitted for rabies diagnostic testing varied with interaction
rates between humans and animals, local disease dynamics,
and land use or laboratory submission policy changes.
Submission rates were calculated on the basis of
2010 population data available from the US Census
Bureau.'® Reported rabid animals were grouped by US
Census regions to highlight geographic variations in
animal submissions, rabies burden, and distribution of
terrestrial rabies virus variants (Table 1). Geographic

performed by nearly 130 state health,
agriculture, and university laboratories in
the United States. In addition, the direct
rapid immunohistochemistry test, which
also requires brain tissue, is used to con-
duct targeted enhanced surveillance by
the USDA Wildlife Services as part of
large-scale wildlife oral rabies vaccina-
tion programs.'>'* During 2013, most
reporting jurisdictions provided animal
rabies diagnostic data directly to the CDC
Poxvirus and Rabies Branch. However, 9
states (Arkansas, Idaho, Massachusetts,
Maryland, Minnesota, New Jersey, South
Dakota, Virginia, and West Virginia) used
the Public Health Laboratory Information
System to transmit electronic laboratory
data for rabies diagnostic activity.

Annual animal rabies surveillance
data, consisting of detailed information on
animals submitted for rabies testing, is re-
quested from state, city, and territorial health
departments as previously described.”® Re-
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data on species, county, and date of testing or Figure 1—Animals submitted for rabies diagnostic testing, by county, 2013.
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ranges of terrestrial reservoirs in the United States were
developed by aggregating surveillance data from 2009
through 2013, and all maps were produced as previ-
ously described.*>!

Variant typing was primarily performed on sam-
ples submitted for rabies diagnostic testing from areas
where epizootics have occurred, that involved unusual
species, or that were part of the epidemiological sur-
veillance of the distribution of distinct rabies virus
variants. If variant typing data were unavailable for ra-
bid terrestrial animals, it was assumed that the animal
was infected with the local terrestrial rabies virus vari-
ant.'>® Two methods were used to perform variant typ-

ted wildlife for rabies diagnostic testing were bats
(n = 24,152), followed by raccoons (11,680). Al-
though raccoons were the most commonly reported
rabid wildlife species during 2013 (Figure 3), the
1,898 reported rabid raccoons represented a 2.82%
decrease, compared with the 1,953 rabid raccoons
reported during 2012. In addition, the 1,898 rabid
raccoons reported during 2013 represented a signifi-
cant decrease from the mean annual number reported
in 2008 through 2012 (2,181.0; 95% CI, 2,007.5 to
2,354.5; Table 2). However, a significant increase in
the prevalence of rabies among raccoons submitted
for diagnostic testing was reported.

ing: the indirect fluorescent antibody test

and sequencing of reverse transcription
PCR amplicons. The indirect fluorescent
antibody test uses a panel of monoclo-
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nal antibodies against the rabies virus
nucleoprotein for antigenic variant typ-

ing. Indirect fluorescent antibody test re- i
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sults may distinguish between carnivore
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The summary rabies update for
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Summary canine rabies data for Mexico
during 2013 were provided by the Insti-
tuto de Salud del Estado de México.

1984 to 2013.

Figure 2—Cases of rabies among wildlife in the United States,

by year and species,

Rabies in Wild Animals

Most of the rabid animals report-
ed during 2013 consisted of wildlife
(5,398/5,865 [92%]; Table 1). This rep-
resented a 4.34% decrease, compared
with the number of rabid wild animals
reported during 2012 (n = 5,643). Exam-
ination of data for the number of cases
of rabies among various wildlife species
from 1984 to 2013 showed a decrease in
the number of rabid raccoons since 1993
and relatively little change in the number
of rabid foxes over this period (Figure 2).
Seasonal trends in numbers of reported
rabies cases in wildlife were similar to
those in previous years, with peaks in the
numbers of reported rabid skunks and

raccoons between March and April.
The most frequently reported rabid

Rabid Raccoons
=1
25

wildlife were raccoons (1,898 [32.34%
of all cases of rabies during 2013]), =5-1155

bats (1,598 [27.23%]), skunks (1,447

1,000 Miles
I

L 1 1 1 | 1 1 1

Capyngnt £2011 Esn Delsorma, WVTED

[24.66%]), and foxes (344 [5.86%]).

However, the most frequently submit- Figure 3—Reported

cases of rabies involving raccoons, by county, 2013.
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Rabid bats were reported by all reporting localities
within the contiguous United States during 2013; no ra-
bid bats were reported in Alaska, Hawaii, or Puerto Rico
(Figure 4). Bats were the only reported rabid animals
in Idaho, Illinois, Indiana, Michigan, Mississippi, Utah,
Washington, and Wisconsin during 2013. A total of
1,598 rabid bats were reported during 2013, a decrease
of 4.88%, compared with the 1,680 rabid bats reported
during 2012, but not significantly different from the an-
nual numbers for 2008 through 2012. The 24,351 bats
submitted for rabies testing represented 29 bat species,
but genus and species data were not available for 12,446
bats (51.1%; Table 3).

The 1,447 rabid skunks reported in 2013
(Figure 5) represented a 5.98% decrease, compared
with the 1,539 rabid skunks reported

giniana; 2 [2.8%]), wolves (Canis lupus; 2 [2.8%]), and
a fisher (Martes pennant; 1 [1.4%]). A total of 40 rabid
rodents and lagomorphs were reported in 2013. Most
were groundhogs (Marmota monax; 37 [92.5%]), fol-
lowed by marmots (Marmota sp; 2 [5.0%]) and a rabbit
(family Leporidae; 1 [2.5%]).

Rabies in Domestic Animals

Domestic animals accounted for 7.96% (467/5,865)
of all reported rabid animals in 2013. This was a
10.02% decrease, compared with the 519 rabid do-
mestic animals reported during 2012. The most fre-
quently reported rabid domestic animals were cats
(Felis catus; 247 [52.9%])), followed by dogs (Canis lupus

during 2012. The prevalence of rabies
among skunks submitted for rabies di-
agnostic testing (33.0%) was signifi-
cantly higher than the annual prevalence
among skunks submitted for testing
from 2008 through 2012.

A total of 344 rabid foxes were re-
ported in 2013 (Figure 6), which repre-
sented a 1.18% increase, compared with
the 340 reported during 2012. However,
the number reported during 2013 was
significantly lower than annual numbers
for 2008 through 2012 (430.8; 95% CI,
378.6 to 483.0).

In addition to cases of rabies re-
ported among primary reservoir spe-
cies, 71 cases of rabies were reported in
other wildlife species. The most com-

Rabid Bats
1

mon were mongooses (38 [53.5%]),
all of which were reported from Puerto

Rico, followed by bobcats (Lynx rufus; 215
16 [22.8%]), coyotes (Canis latrans; 5 =::;‘°

[7.0%]), deer (presumably Odocoileus

1,000 Miles

Copyngnt £2011 Esn Delorma, WAVTED

virginianus; 4 [5.6%]), otters (not speci-

fied; 3 [4.2%]), opossums (Didelphis vir- Figure 4—Reported cases of rabies involving bats, by county, 2013.

Table 2—Numbers of animals reported to be rabid and percentages of samples tested for rabies that yielded positive results, 2008

through 2013.

2013 2008-2012
Percentage of samples
No. of rabid animals with positive results*
No. of Percentage of samples
Animals rabid animals with positive results* Mean 95% CI* Mean 95% CI*
Domestic animals
Cats 2471 1.06 2914 (274.2-308.5) 1.2 (1.1-1.3)
Cattle 86 6.62 76.8 (57.4-96.2) 6.4 (5.3-1.5)
Dogs 89t 0.411 75.8 (70.0-81.6) 0.3 (0.3-0.4)
Horses and mules 31t 3.81 39.8 (34.0-45.6) 45 (3.8-5.2)
Sheep and goats 9 1.64 10.2 (7.5-12.9) 2.2 (1.6-2.8)
Wildlife
Raccoons 1,8981 16.251 2181.0 (2,007.5-2,354.5) 14.6 (13.2-16.0)
Bats 1,598 5.84 1584.8 (1,429.2-1,740.4) 5.7 (5.5-5.9)
Skunks 1,447t 33.041 1561.2 (1,499.0-1,623.4) 29.7 (27.2-32.2)
Foxes 3441 18.701 430.8 (378.6-483.0) 22.8 (19.7-26.0)
All rabid animals 5,865 6.03 6156.6 (5,833.3-6,479.9) 5.8 (5.4-6.2)
Rabid domestic animals 467t 0.98 493.2 (478.2-508.2) 1.0 (0.9-1.1)
Rabid wildlife 5,398 11.17 5663.4 (5,331.9-5,994.9) 10.3 (9.0-11.6)
*Does not include data from California. tSignificantly (P < 0.05) different from mean value for 2008-2012.
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Table 3—Species of bats submitted for rabies testing in the United States during 2013.

Species (common name) No. tested No. positive Percentage positive
Unspeciated 12,446 1,097 8.8
Eptesicus fuscus (big brown bat) 10,100 370 3.7
Myotis lucifigus (little brown bat) 642 12 1.9
Tadarida brasiliensis (Mexican free-tailed bat) 248 29 1.7
Lasionycteris noctivagans (silver-haired bat) 197 12 6.1
Lasiurus borealis (red bat) 157 14 8.9
Myotis species (not further speciated) 108 8 14
Nycticeius humeralis (evening bat) 83 1 1.2
Myotis californicus (California myotis) 73 5 6.8
Nyctinomops macrotis (big free-tailed bat) 73 0 0.0
Lasiurus cinereus (hoary bat) 55 29 52.7
Myotis yumanensis (Yuma myotis) 50 2 4.0
Myotis evotis (long-eared myotis) 32 7 21.9
Lasiurus seminolus (Seminole bat) 1 2 18.2
Antrozous pallidus (desert pallid bat) 10 3 30.0
Myotis keenii (Keen’s myotis) 10 1 10.0
Perimyotis subflavus (tri-colored bat) 10 0 0.0
Myotis ciliolabrum (western small-footed bat) 8 0 0.0
Myotis volans (long-legged myotis) 8 2 25.0
Parastrellus hesperus (canyon bat) 8 6 75.0
Myotis septentrionalis (northern long-eared myotis) 6 0 0.0
Myotis thysanodes (fringed myotis) 3 0 0.0
Lasiurus intermedius (northern yellow bat) 2 0 0.0
Lasiurus xanthinus (western yellow bat) 2 1 50.0
Plecotus townsendii (Townsend's big-eared bat) 2 0 0.0
Rousettus aegyptiacus (Egyptian rousette®) 2 0 0.0
Rousettus lanosus (long-haired rousette®) 2 0 0.0
Desmodus rotundus (common vampire* bat) 1 0 0.0
Eumops perotis (western mastiff bat) 1 0 0.0
Plecotus rafinesquii (Rafinesque’s big-eared bat) 1 0 0.0
Total 24,351 1,601 6.57

*Exotic species submitted by wildlife parks.

familiaris; 89 [19.1%]), cattle (Bos taurus;
86 [18.4%]), horses and mules (Equus spp;
31 [6.6%])), sheep and goats (Capra spp;
9 [1.9%]), and other domestic animals
(3 swine and 2 llamas [1.1%]). The most
frequently submitted domestic animals for
rabies diagnostic testing were cats (23,264
[48.9%]) and dogs (21,274 [44.7%]), fol-
lowed by cattle (1,299 [2.7%]), horses
and mules (867 [1.8%]), and sheep and
goats (550 [1.2%]).

Cats have represented the majority
of rabid domestic animals since 1992;
however, there was a significant decrease
in the number of rabid cats reported in
2013, compared with annual numbers
reported in 2008 through 2012 (Table 2).
Pennsylvania reported the greatest num-
ber of rabid cats (40 [16.2%]), followed
by Virginia (37 [15.0%]), Maryland (25

Rabid Skunks
a1

[10.1%]), Texas (23 [9.3%]), and North I 2-5
Carolina (20 [8.1%]; Figure 7). Vaccina- =6-15
>15

tion history was not reported for 89.3%
(20,783/23,264) of the cats submitted
for testing. Of the 2,481 cats with a re-
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Figure 5—Reported cases of rabies involving skunks, by county, 2013.
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Rabid Foxes
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annually from 2008 through 2012 (Ta-
ble 2). The prevalence of rabies among
dogs submitted for diagnostic testing
(0.41%) was also significantly higher
than in previous years. Texas reported
the greatest number of rabid dogs (16
[18.0%]), followed by Puerto Rico
(14 [15.7%]), Georgia (11 [12.4%]),
Oklahoma (7 [7.9%]), North Carolina
(5 [5.6%]), and Tennessee (5 [5.6%];
Figure 8). Vaccination history was not
reported for 87.5% (18,621/21,288) of
the dogs that were tested. Among the
2,667 dogs with a recorded vaccination
history, 871 (32.7%) had no previous
rabies vaccinations, 869 (32.6%) had an
unknown rabies vaccination status, 872
(32.7%) reportedly were up-to-date on
their rabies vaccination, and 55 (2.1%)
had reportedly previously been vacci-
nated but were not up-to-date. All 927
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S N T 3 Ea7, e b L I 1 I |

dogs that were up-to-date or that had

1,000 Miles . .
previously been vaccinated but were

Figure 6—Reported cases of rabies involving foxes, by county, 2013.

not up-to-date were negative for rabies.
One 10-month-old dog reportedly de-
veloped rabies approximately 7 months

Rabid Cats

g
123

after administration of its primary dose
of rabies vaccine.

Eighty-six rabid cattle were reported
during 2013, representing a 25.22% de-
crease from the 115 rabid cattle reported
during 2012, but this was not a signifi-
cant change from the preceding 5-year
period. The number of reported rabid
horses and mules (n = 31) was signifi-
cantly decreased, compared with mean
annual number for the preceding 5-year
period (Table 2). Compared with 2012,
the number of reported rabid sheep
and goats declined (9 in 2013 and 13 in
2012). A total of 5 other domestic ani-
mals (2 llamas and 3 swine) found to be
rabid were reported (Table 1).

Rabid Animals by US Regions
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During 2013, 1,483 (25.3%) rabid

animals were reported from the North-
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Figure 7—Reported cases of rabies involving cats, by county, 2013.

corded vaccination history, 1,157 (46.6%) had no previ-
ous rabies vaccination, 883 (35.5%) had an unknown
rabies vaccination status, 277 (11.2%) reportedly were
up-to-date on their rabies vaccination, and 164 (6.6%)
had reportedly been previously vaccinated but were not
up-to-date. All 441 cats that were up-to-date or that
had previously been vaccinated but were not up-to-date
were negative for rabies.

There were 89 rabid dogs reported during 2013,
representing a 5.95% increase, compared with the 84
rabid dogs reported during 2012. This was significant-
ly higher than the mean number of rabid dogs reported

east region (ie, Connecticut, Maine,
Massachusetts, New Hampshire, New
Jersey, New York, New York City,
Pennsylvania, Rhode Island, and Vermont). Over-
all, 6.34% of animals submitted for rabies diagnos-
tic testing in the Northeast region were rabid (Table
1). Localities in the Northeast region submitted 46.4
animals/100,000 persons for rabies testing during
2013. Rabid raccoons (n = 703 [47.4%]) were the
most commonly reported animal. The raccoon rabies
virus variant was the primary terrestrial variant for
all states in the Northeast region. Decreases of > 10%
in the number of rabid raccoons during 2013 versus
2012 were reported for 5 localities in the Northeast
region of the United States (Maine, 45.2%; Vermont,
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ginia) and skunks in 6 (Arkansas, Ken-
tucky, Louisiana, Oklahoma, Tennessee,
and Texas); no terrestrial rabies virus
variants were reported in Mississippi. A
decrease of > 10% in the number of ra-
bid skunks during 2013 versus 2012 was
reported in Tennessee (42.5%), where the
primary terrestrial rabies virus variant
was the north central skunk rabies virus
variant. Increases of > 10% in the number
of rabid raccoons were reported in 6 states
(West Virginia, 56.8%; Texas, 42.1%;
Alabama, 39.4%; Maryland, 17.2%; Dela-
ware, 14.3%; and Florida, 13.6%). Except
for Texas, all states were in areas where
the primary terrestrial rabies virus variant
was the raccoon rabies virus variant.
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A total of 596 (10.2%) rabid ani-
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mals were reported from the West re-

gion (ie, Alaska, Arizona, California,
- Colorado, Hawaii, Idaho, Montana,
New Mexico, Nevada, Oregon, Utah,
Washington, and Wyoming; Table 1).

Figure 8—Reported cases of rabies involving dogs, by county, 2013.

40.0%; Pennsylvania, 29.5%; Massachusetts, 22.9%;
and New York, 21.0%).

In 2013, 470 (8.0%) rabid animals were reported
from the Midwest region (ie, lIowa, Illinois, Indiana,
Kansas, Michigan, Minnesota, Missouri, North Dakota,
Nebraska, Ohio, South Dakota, and Wisconsin). Over-
all, 2.07% of animals submitted for rabies diagnostic
testing in the Midwest region were rabid (Table 1).
Within the Midwest region, 34.4 animals/100,000 per-
sons were submitted for rabies testing during 2013. The
primary terrestrial rabies virus variants within the Mid-
west region were associated with skunks in all of the
states in this region with the exception of Illinois and
Ohio. No terrestrial rabies virus variants were reported
from Illinois. In addition, limited cases of raccoon ra-
bies were reported in counties in the northeast of Ohio.
No other terrestrial rabies virus variants were reported
in Ohio. Decreases of = 10% in the number of rabid
skunks during 2013 versus 2012 were reported for 6 lo-
calities in the Midwest region (Wisconsin, 100%; Mich-
igan, 100%; Nebraska, 60.0%; North Dakota, 58.0%;
Towa, 55.6%; and South Dakota, 55.6%).

Most of the rabid animals reported during 2013
(3,262/5,865 [55.62%]) were from the South region
(ie, Alabama, Arkansas, District of Columbia, Delaware,
Florida, Georgia, Kentucky, Louisiana, Maryland, Mis-
sissippi, North Carolina, Oklahoma, South Carolina,
Tennessee, Texas, Virginia, and West Virginia; Table 1).
The South region had the highest prevalence of rabies in
animals submitted for diagnosis (7.69%) during 2013 as
well as the greatest number of rabid cattle (41). Animals
were submitted for rabies diagnostic testing at a rate of
36.9 animals/100,000 persons during 2013. Within this
region, the primary terrestrial rabies virus variant was
associated with raccoons in 10 locations (Alabama, Dis-
trict of Columbia, Delaware, Florida, Georgia, Maryland,
North Carolina, South Carolina, Virginia, and West Vir-

Overall, 6.8% of animals submitted for
rabies diagnostic testing in the West
region were rabid (data for California
were excluded because California did not report in-
formation on number of animals tested). In the West
region, 14.3 animals/100,000 persons were submit-
ted for rabies diagnostic testing during 2013. Most of
the rabid animals were bats (395/596 [66.3%]). No
terrestrial rabies virus variants circulated in 6 states
in this region (Hawaii, Idaho, Nevada, Oregon, Utah,
and Washington). In the remaining states, the prima-
ry terrestrial rabies virus variant was associated with
skunks in 6 states (Arizona, California, Colorado,
Montana, New Mexico, and Wyoming) and with Arc-
tic foxes in 1 state (Alaska). The rabies virus variant
associated with Arctic foxes was only circulating in
Alaska within the United States. A decrease of = 10%
in the number of rabid skunks during 2013 versus
2012 was reported in California (100% decrease),
New Mexico (90.9% decrease), and Wyoming (60.0%
decrease). An increase in the number of rabid skunks
during 2013 versus 2012 was reported in 3 localities.
The primary terrestrial rabies virus variants were the
south central skunk rabies virus variant in 2 of the
localities (Arizona, 69.2% increase; Colorado, 15.9%
increase) and the north central skunk rabies virus
variant in the remaining locality (Montana, 85.7%
increase).

Puerto Rico was the sole jurisdiction in the Caribbe-
an that reported animal submission data for rabies test-
ing. Most of the rabid animals reported from this region
were mongooses, and the mongoose rabies virus variant
was the primary terrestrial rabies virus variant on the is-
land. In Puerto Rico, 3.1 animals/100,000 persons were
submitted for rabies diagnostic testing during 2013.

Rabies Virus Variants

A total of 24 rabies virus variants were reported in
24 species of rabid animals during 2013. Rabies virus
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variant information was reported for 1,687 (28.76%) of
the 5,865 reported rabid animals. A total of 1,221 ani-
mals were reported that were infected with a terrestrial
rabies virus variant during 2013. Terrestrial rabies virus
variants were distributed in distinct geographic ranges
with a few instances of overlapping ranges (Figure 9).
Most of the reported terrestrial variants were raccoon
rabies virus variants (660/1,221 [54.1%]; Table 4). Of
the animals infected with the raccoon rabies virus vari-
ant, 353 (53.5%) were raccoons. The remaining 307
(46.5%) cases were the result of cross-species transmis-
sion, with most involving wildlife species. The second
most frequently reported terrestrial rabies virus variant
was the south central skunk rabies virus variant (n =
498), and 405 (81.3%) of the rabid animals infected
with the south central skunk rabies virus variant were
skunks; the remaining cases were a result of spillover
and primarily involved domestic animals. Nine of the 13
fox rabies virus variants were isolated from species other
than foxes. One animal infected with the Texas gray fox
rabies virus variant during 2013 was a cow in Concho
County, Texas.

Of the 1,687 rabid animals for which rabies virus
variant information was available, 466 (27.6%) were

infected with rabies virus variants associated with bats
(Table 4). Most of these (346 [74.2%]) were report-
edly infected with the Mexican free-tailed bat (Tadari-
da brasiliensis) rabies virus variant. The second most
commonly reported bat-associated variant was the big
brown bat (Eptesicus fuscus) rabies virus variant (45;
9.7%). Cross-species transmission of bat variants was
reported for 11 animals.

Rabies in Humans

Samples from 42 human patients from 24 states
were submitted to the CDC for rabies diagnostic test-
ing during 2013, and infection was confirmed in 3
(7.1%). Thirty-four cases of human rabies have been
diagnosed in the United States since 2003 (Table 5);
24 (70.6%) of these patients acquired the disease in the
United States or Puerto Rico. Organ or tissue transplan-
tation was attributed as the source of infection for 5 of
the 24 (20.8%) domestic cases. Seven of the 19 patients
in which infection was not attributed to organ or tis-
sue transplantation had reportedly been bitten by a bat,
and 5 had reportedly had contact with a bat (although
no bite was reported). Two of the remaining 7 patients

were infected with the raccoon rabies vi-
rus variant, 1 was infected with the mon-
goose rabies virus variant (Puerto Rico),
3 were infected with a bat rabies virus
variant, and 1 had an unknown rabies
virus variant. Most human patients with
non-transplant-acquired rabies virus in-
fection were males (14/19 [73.7%]), and
their mean age was 35.9 years (range, 8
to 70 years).

Ten of the 34 human patients with
rabies reported since 2003 were infected
outside of the United States and its ter-
ritories, representing exposures from
7 countries. Exposures were attributed
to dogs (n = 6), bats (1), and foxes (1);
in 2 patients, exposure history was not
known. Nine of these 10 patients were

Terrestrial Rabies Virus Variants
== Arctic Fox s CASkunk = NCSkunk == SCSkunk

Cooyignt £2013 vt AZFox Mongoose "= Raccoon =2 TXFox
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male; their mean age was 31.7 years
(range, 11 to 73 years).

In January 2013, a 49-year-old man
presented to a Maryland emergency de-
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Figure 9—Distribution of major rabies virus variants among mesocarnivores in the

partment with right hip pain. A diagnosis

United States and Puerto Rico, 2009 through 2013. *Potential host shift event. AZ = ©f sciatica was made, and the patient was

Arizona. CA = California. NC = North central. SC = South central. TX = Texas.

Table 4—Rabies virus variants identified in rabid animals, 2013.

discharged. However, he returned to the

Domestic animals Wild animals

. Hores Sheep Other . Rodents and
Variant Cats Cattle Dogs and mules and goats d c R Bats Skunks Foxes Otherwild lagomorphs Total
Raccoon 57 10 7 2 2 0 353 0 155 65 5 4 660
South central skunk 23 12 17 6 2 0 24 0 405 9 0 0 498
North central skunk 2 3 1 4 0 2 1 0 31 0 0 0 50
Arctic fox 0 0 2 0 0 0 0 0 0 2 2 0 6
Arizona gray fox 0 0 0 0 0 0 0 0 0 2 4 0 6
Texas gray fox 0 1 0 0 0 0 0 0 0 0 0 0 1
Bat* ~ 1 0 1 2 0 0 2 455 1 3 1 0 466
No variant reported 164 60 55 17 5 3 1,518 1,143 263 59 36 4178

ota 247 86 89 31 9 5 1,898 1,598 1,447 344 n 40 5,865

Variant typed (%) 33.6 30.2 382 452 444 40.0 20.0 285 40.9 235 16.9 10.0 28

*A total of 13 rabies virus variants associated with bats were reported.
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Table 5—Cases of rabies in humans in the United States and Puerto Rico, 2003 through July 2014, by
circumstances of exposure and rabies virus variant.

Date of Reporting

Date of onset death state Age(y) Sex  Exposure* Rabies virus variantt

10 Feb 03 10 Mar03 VA 25 M Unknown Raccoon, eastern
United States

28 May 03 5Jun 03 PR 64 M Bite-Puerto Rico Dog/mongoose,
Puerto Rico

23 Aug 03 14 Sep 03 CA 66 M Bite Bat, Ln

9 Feb 04 15 Feb 04 FL 4 M Bite-Haiti Dog, Haiti

27 Apr 04 3 May 04 AR 20 M Bite (organ donor) Bat, Th

25 May 04 31 May 04 0K 53 M Liver transplant Bat, Tb

27 May 04 21 Jun 04 X 18 M Kidney transplant Bat, Th

29 May 04 9Jun 04 X 50 F Kidney transplant Bat, Th

2 Jun 04 10 Jun 04 X 55 F Arterial transplant Bat, Th

12 Oct 04 Survived WI 15 F Bite Bat, unknown

19 Oct 04 26 Oct 04 CA 22 M Unknown-El Salvador ~ Dog, El Salvador

27 Sep 05 27 Sep 05 MS 10 M Contact Bat, unknown

4 May 06 12May06  TX 16 M Contact Bat, Th

30 Sep 06 2 Nov 06 IN 10 F Bite Bat, Ln

15 Nov 06 14 Dec 06 CA 1 M Bite-Philippines Dog, Philippines

19 Sep 07 20 Oct 07 MN 46 M Bite Bat, unknown

16 Mar 08 18 Mar 08 CA 16 M Bite-Mexico Fox, Tb related

19 Nov 08 30 Nov 08 MO 55 M Bite Bat, Ln

25 Feb 09 Survived X 17 F Contact Bat, unknown

50ct09 20 Oct 09 IN 43 M Unknown Bat, Ps

20 Oct 09 11 Nov 09 MI 55 M Contact Bat, Ln

23 0ct09 20 Nov 09 VA 42 M Contact-India Dog, India

2 Aug 10 21 Aug 10 LA 19 M Bite-Mexico Bat, Dr

24 Dec10 10Jan 11 Wi 70 M Unknown Bat, Ps

30 Apr 11 Survived CA 8 F Unknown Unknown

30 Jun 11 20 Jul 11 NJ 73 F Bite-Haiti Dog, Haiti

14 Aug 11 21 Aug 11 NY 25 M Contact-Afghanistan Dog, Afghanistan

21 Aug 11 1Sep 11 NC 20 M Unknown (organ donor)t Raccoon, eastern
United States

1Sep 11 14 Oct 11 MA 40 M Contact-Brazil Dog, Brazil

3Dec 1 19 Dec 11 SC 46 F Unknown Tb

22 Dec 11 23 Jan 12 MA 63 M Contact My sp

6 Jul 12 31Jul 12 CA 34 M Bite Bat, Th

31Jan13 27 Feb 13 MD 49 M Kidney transplant Raccoon, eastern
United States

16 May 13 11 Jun 13 > 28 M Unknown-Guatemala  Dog, Guatemala

*Data for exposure history are reported when plausible information was reported directly by the patient (if

lucid or credible) or when a reliable account of an incident consistent with rabies virus exposure (eg, dog bite) was

reported by an independent witness (usually a family member). Exposure histories are categorized as bite, contact

(eg, waking to find bat on exposed skin) but no known bite was acknowledged, or unknown (ie, no known contactwith

an animal was elicited during case investigation). tVariants of the rabies virus associated with terrestrial animals in

the United States and Puerto Rico are identified with the names of the reservoir animal (eg, dog or raccoon), followed

by the name of the most definitive geographic entity (usually the country) from which the variant has been identified.

Variants of the rabies virus associated with bats are identified with the names of the species of bats in which they

have been found to be circulating. Because information regarding the location of the exposure and the identity of the

exposing animal is almost always retrospective and much information is frequently unavailable, the location of the

exposure and the identity of the animal responsible for the infection are often limited to deduction. ¥Infection was not

identified until 2013, when an organ recipient developed rabies.

Dr = Desmodus rotundus. Ln = Lasionycteris noctivagans. My sp = Myotis species. Ps = Perimyotis
subflavus. Th = Tadarida brasiliensis.

emergency department 4 days later with fever, nausea,
lower extremity weakness, and pain in the right lower
abdominal quadrant. He developed encephalitis and hy-
persalivation and died 24 days later. Samples obtained 5
days prior to the patient’s death were submitted to the
CDC, and rabies was confirmed, with the infecting virus
typed as the raccoon rabies virus variant. No known ani-
mal exposures were identified; however, the patient had
undergone a deceased-donor kidney transplant in 2011,
17 months prior to the onset of symptoms.

The kidney transplant in this patient had been ob-
tained from a 20-year-old man who presented in Au-
gust 2011 to a primary care clinic in Florida with severe
nausea, vomiting, and upper extremity paresthesia. He
had recently returned from a fishing trip during which
he had consumed raw fish and been stung by a jelly-
fish. The nausea and vomiting were attributed to the
consumption of raw fish, and the paresthesia was at-
tributed to the jellyfish sting. On the fourth day after
symptom onset, however, the patient developed fever,
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seizures, and an altered mental status; was admitted to
a hospital; and was immediately sedated and intubated.
He was declared brain-dead 11 days after illness onset,
with the cause of death listed as severe gastroenteritis.
He was determined to be eligible for organ donation,
and his kidneys, heart, and liver were transplanted into
4 recipients.

In February 2013, following confirmation of rabies
in the Maryland organ recipient, banked samples from
the Florida organ donor were tested at the CDC, and a
diagnosis of rabies confirmed. Sequence analysis found
> 99.9% identity between the rabies virus isolate from
the donor and the isolate from the Maryland recipient.
On further investigation, the donor was identified as
an active outdoorsman who, while he resided in North
Carolina, had had numerous encounters with raccoons
and foxes, including several bites, which were reported
by friends and family. The 3 remaining organ recipients
were identified and provided postexposure prophylax-
is. At the time of final follow-up, they remained healthy.
A multistate contact investigation of community and
health-care providers who potentially could have had
contact with these patients was conducted. Five hun-
dred sixty-four people were assessed for contact with
infectious materials, and postexposure prophylaxis
was recommended for 58 (10.3%) because of concerns
about exposure to saliva, tears, or nervous tissues from
the 2 patients.

In May 2013, a 28-year-old Guatemalan national
was apprehended while illegally crossing the Texas-
Mexico border. Seven days after his arrest, while in
Immigration and Customs Enforcement custody, the
patient began to experience insomnia, anxiety, nausea,
dysphagia, and hypersalivation. After 2 days of wors-
ening symptoms, the patient was admitted to a hos-
pital for evaluation of possible pneumomediastinum.
Although the pneumomediastinum resolved without
surgical intervention, the patient’s mental and respira-
tory status deteriorated. Serum tested with an ELISA
at a commercial laboratory was positive for rabies vi-
rus antibodies. Antemortem samples were sent to the
CDC, where rabies was confirmed and the infecting
virus was typed as a Central American canine rabies
virus variant.

In Guatemala, the patient had owned a dog that
died of unknown causes in 2011, but family mem-
bers reported that they were unaware of any history
of animal bites. No animal exposures were reported
at the time of hospitalization, and autopsy revealed
no evidence of bite wounds. Contact investigations
identified more than 500 detainees who were poten-
tially housed with the patient during his infectious
period. The CDC coordinated with Immigration and
Customs Enforcement to perform follow-up risk as-
sessments for contacts still detained in the United
States and contacted the Pan American Health Orga-
nization to notify countries to which other contacts
had been returned. Two hundred sixty risk assess-
ments were completed, and 25 (9.6%) people were
recommended to receive postexposure prophylaxis
because of potential exposure to infectious materials
from the patient.

Summary Report of Rabies
In Canada and Mexico

Canada reported 116 laboratory-confirmed rabid
animals during 2013, a 17.7% decrease from the 141
rabid animals reported in 2012. Wildlife continued
to be the most common rabid animals, representing
87.9% (n = 102) of all rabid animals. The remaining
rabid animals consisted of cats and dogs (12 [10.3%])
and livestock (2 [1.7%]). The number of animals sub-
mitted for diagnostic testing to the Canadian Food In-
spection Agency rabies laboratories decreased 10.0%
from 3,851 in 2012 to 3,466 in 2013. In addition to
Canadian Food Inspection Agency submissions, several
provincial ministries undertook active wildlife rabies
surveillance testing during 2013, and they identified 2
rabid animals (included in above totals). The first rabid
raccoon identified in Canada since 2008 was reported.
Variant typing determined that the rabid raccoon was
infected with the western Canadian skunk rabies virus
variant. No rabid wolves were reported in 2013. The
number of rabid skunks decreased by 15.6%, while
numbers of rabid bats and cats increased by 24.4% and
50.0%, respectively. During 2012, there was a northern
epizootic in both Arctic and red foxes, but this remit-
ted in 2013, with a 56.1% decrease in the number of
rabid foxes reported. In addition, the number of rabid
dogs reported decreased 43.7%, and the number of ra-
bid equids reported remained the same as in 2012 (n =
2). No cases of rabies were reported in cattle or humans
during 2013.

For the first time since 1938, no human deaths
associated with rabies were reported in Mexico dur-
ing 2013. Eleven rabid dogs were reported, represent-
ing an 8.3% decrease from the 12 reported in 2012.
Ten cases occurred in southeast Mexico (8 in Chiapas
and 2 in the Yucatan). One imported case was reported
in Michoacan, although the origin of the dog was not
known. Molecular typing results of the reported rabid
dogs showed high similarities to isolates from the same
region (Chiapas isolates showed 98% similarity to an
isolate obtained from a Yucatan dog in 2002 and an iso-
late obtained from a Yucatan dog in 1998; the isolate re-
ported from Michoacan corresponded to a rabies virus
variant of canine lineage that appeared to be associated
with skunks).

Discussion

The number of animals submitted for rabies diag-
nostic testing in the United States has decreased since
2009.% Laboratory testing of animals suspected to have
rabies is a critical public health service that directly in-
fluences rabies postexposure prophylaxis recommen-
dations. Rabies exposure risk assessments remain the
best way to determine whether an exposure warrants
administration of rabies postexposure prophylaxis.

Vaccination of domestic animals is a critical com-
ponent of a successful rabies prevention and control
program and is a cost-effective means to prevent human
rabies.”' Nearly half of the animals submitted for rabies
diagnostic testing in the United States during 2013 were
cats and dogs. Most of these animals presumably had
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never been vaccinated against rabies or their status was
unknown. Improving vaccination coverage and docu-
mentation, ownership rates, and adherence to local reg-
ulations might reduce the number of animals involved
in potential human exposures subsequently requiring
rabies testing. Standardization of variables used to cate-
gorize vaccination status will aid in the identification of
potential rabies vaccine failures. Domestic animals that
have received only primary immunizations are con-
sidered currently vaccinated 30 days after the primary
immunization; therefore, exposures during this 30-day
period would be handled as though the animal were not
vaccinated. Additionally, animals that develop signs of
rabies during the 30-day period after primary immuni-
zation are not considered to be vaccination failures. A
12-month booster is required for both the 1-year and
3-year animal rabies vaccine. The 1-year animal rabies
vaccines currently on the market are labeled for annual
administration following the primary immunization,
while the 3-year vaccines currently on the market are
labeled for administration every 3 years following the
primary immunization and a 12-month booster.

Variant typing of rabid animals emphasizes the eco-
logical variations of rabies viruses in circulation within
the United States. Increasing the rate of variant typing
of rabid animals will help detect potential introductions
of new rabies virus variants into the United States (eg,
reintroduction of the canine rabies virus variant) or
translocation of rabies virus variants inside the United
States and could also improve our understanding of the
transmission and possible emergence of new rabies vi-
rus variants into previously unassociated species. Al-
though 12 bat rabies virus variants were reported from
terrestrial animals during 2013, these results were not
comparable to previous years’ data because of changes
in submission rates for variant typing. If variant typing
submission protocols were standardized, this informa-
tion could be used to determine whether a potential
new rabies virus variant was emerging.

After > 4 years of no reported cases, the report of a ra-
bid cow infected with the Texas gray fox rabies virus vari-
ant illustrates that the variant remains in circulation despite
efforts to maintain active surveillance for this variant. An
oral rabies vaccination program targeted at eliminating this
variant in gray foxes has been an ongoing effort by the Texas
Department of Health Services since the mid-1990s. While
the oral rabies vaccination program has greatly reduced the
incidence of fox rabies in the region, ongoing oral rabies
vaccination will be necessary in addition to ongoing ac-
tive surveillance to determine when the variant has been
eliminated and vaccination efforts might be discontinued.
Similarly, the recent discovery of rabid ferret-badgers in
Taiwan after 50 years of presumed rabies-free status illus-
trates the difficulties in maintaining adequate surveillance
in a wildlife species.” Additional guidance and recommen-
dations on appropriate rabies surveillance efforts is needed.
Recommendations should include where passive and active
surveillance efforts would be sufficient to accurately deter-
mine endemicity, particularly where oral rabies vaccination
programs are ongoing, because this information is neces-
sary for accurate planning.

Over the past 10 years, 5 of the 24 (21%) human
rabies cases acquired domestically were the result of

transplantation of organs or tissues from donor pa-
tients who died of rabies but in whom the disease was
not diagnosed until rabies developed in transplant
recipients. Human rabies cases in the United States
are rare, with only 1 to 3 cases annually, while tens
of thousands of lives are saved each year through or-
gan donation programs.” Universal screening of all
organ and tissue donations for rabies remains imprac-
tical owing to the relative rarity of the disease and the
resources needed to perform laboratory diagnostic
testing. However, as part of the continued efforts to
improve transplant safety, rabies should be included
in the differential diagnoses for patients with unex-
plained viral encephalitis. Risks to organ and tissue
recipients can be further reduced by the timely admin-
istration of postexposure prophylaxis if rabies antigen
is later detected in donor organs or tissues. Given that
21% of domestic human rabies cases reported in re-
cent years are due to the transplantation of organs and
tissues, a more standardized approach to recognizing
organ donors with unexplained infectious encephali-
tis and development of guidelines for the use of those
organs are warranted.
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