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Extended Abstract

Over the past century, rabies in the U.S. has undergone dramatic change. Prior to 1960, as dog rabies
was brought under control, most cases were reported in domestic animals. Since the 1960’s, wildlife has
supplanted domestic animals in reported rabies cases and account for 80 percent or greater of all
reported cases annually since 1975. However, since the late 1980’s, reported cases in wildlife have
accounted for greater than 90 percent of animal cases annually reported to CDC. The principal rabies
reservoirs today are represented by several species of wild carnivores (Carnivora sp.) and insectivorous
bats (Chiroptera sp.). Cats (Felis catus) continue to be the most common domestic animal reported with
rabies as a result of abundant, unvaccinated or under-vaccinated free roaming cat populations
throughout the U.S. that are at an increased risk of exposure to rabies from interactions with raccoons,
skunks and bats.
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Since raccoon (Procyon lotor) rabies rapidly spread from the mid-Atlantic epizootic focus beginning in
the late 1970’s, raccoons have been the most frequently reported species with rabies in the U.S. This
epizootic was likely the result of translocation of raccoons incubating rabies or rabid raccoons to

western Virginia and West Virginia from Florida, where rabies was first documented in the raccoon in
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the U.S. in the 1940’s. Raccoon rabies has subsequently spread rapidly and now occupies a range that
extends east to the Atlantic Ocean from a line that stretches from southwest Alabama to northeast
Ohio. This area is settled by about 70 percent of the U.S. human population, resulting in a burden on
public health officials and wildlife managers who respond to encounters that are commonly reported
between people and raccoons. In 2010, raccoons accounted for 36 percent (n=2,246) of reported cases
to the Centers for Disease Control and Prevention (CDC). For the past several years, rabies in skunks
(primarily the striped skunk, Mephitis mephitis) has ranked either number two or three, behind bats,
followed by rabies reported in foxes (primarily gray fox, Urocyon cinereoargenteus) and arctic fox
(Vulpes lagopus).
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Human deaths from rabies acquired in the U.S. declined from greater than 100 in the early part of the
20th century to one to two cases annually in the 1990’s, and remains at that level today. From 1997-
2006, 17 of 19 human cases from rabies acquired in the U.S. were associated with insectivorous bats. In
the U.S., human fatalities from rabies occur in people who fail to seek medical assistance often because
they were unaware of their exposure.
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Timely administration of post exposure prophylaxis (PEP) has proven nearly 100% successful in
preventing rabies. However, the financial cost of living with wildlife rabies in the U.S. is conservatively
estimated to exceed $300 million/year (SUS), CDC estimates of PEP up to 40,000 people/year.
Associated impacts such as anxiety, fear, and trauma are difficult to quantify but often manifest with
rabies.
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Prior to the proof of concept of oral rabies vaccination (ORV) by the late Dr. George Baer in the 1960’s at
the CDC, population reduction was the primary method for rabies control in wild carnivores. However,
population reduction proved to be labor intensive, generally with only transient effects. Its current niche
in rabies control in North America is as a tactic that may be integrated into specific emergency actions to
prevent rabies from spreading, such as in “Point Infection Control” first applied in Ontario, Canada in
response to an incursion of raccoon rabies from the U.S. in 1999. Use of ORV as the central component
of the rabies management strategy has led to rabies control and elimination successes at the landscape
scale, with examples in the raccoon dog (Nyctereutes procyonoides) and red fox (Vulpes vulpes) in
several European countries; the red fox and raccoon in Canada; and, the coyote (Canis latrans), gray fox
and raccoon in the U.S.
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Since the late-1990’s, Wildlife Services (WS) has coordinated wildlife rabies management with oral
rabies vaccination (ORV) as the central tactic. The need for effective coordination has mandated the
establishment of frameworks that bring together multiple jurisdictions and disciplines from municipal,
county, state, federal and international agencies; universities; and the private sector to ensure
collaborative, science-based approaches to rabies management in wild carnivores. A Rabies
Management Team and associated WS Business Plan and U.S National Plan Wildlife Rabies Management
(2008-2012) and the formalization of a North American Rabies Management Plan in 2008 with partners
in Canada, Mexico, the Navajo Nation, and the U.S. provide national and continental frameworks for the
exchange of information; collaboration on surveillance and control; collaborative studies; and training.
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Enhanced rabies surveillance has become a critical program component as a complement to public
health surveillance conducted by state and federal public health officials, which is based largely on
rabies exposure events to human and domestic animals. Enhanced surveillance is designed to increase
the geographic scope and intensity of sampling through the collection of specific high value samples
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beyond those normally tested to protect human and domestic animal health. Samples often include ill or
strange acting animals, where there has been no human or domestic animal exposure, fresh road kills,
animals found dead in addition to road kills, animals with injuries or lesions suggestive of aggressive
behavior, and animal samples from focal trapping at sites where rabid animals were recently confirmed.
From 2005-2011, 66,075 suspect animals were tested from about 24 states within or near ORV zones,
with 953 confirmed rabid; of these, 52,208 samples were diagnosed through the direct rapid
immunohistochemistry test (dRIT) developed at CDC and applied in the field by WS in collaboration with
CDC. Knowledge of the GPS coordinates and rabies virus variant from these additional 953 cases from
enhanced surveillance has improved rabies management decision making capability for ORV.
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To date, ORV in the U.S. has focused predominantly on canine rabies in coyotes and gray fox rabies in
Texas, and raccoon rabies in the eastern U.S. from Alabama to Maine. Currently, only one oral rabies
vaccine is licensed for use--a live, recombinant Vaccinia-rabies glycoprotein recombinant, Raboral V-RG®
(Merial Limited, Athens, GA, US). Key successes resulting from the integration of ORV into other rabies
management strategies include the elimination of canine variant of rabies that had spilled over into
coyote populations in south Texas from sources in Mexico. This accomplishment led to the declaration
that the U.S. was again canine rabies free in 2007. In addition, a unique variant of gray fox rabies in
west-Texas is on the verge of elimination, with no reported cases since 2009. There has also has been
no appreciable spread of raccoon rabies through the coordinated use of ORV and emergency
contingency actions in high risk corridors for rabies spread. However, raccoon rabies has proven more
difficult to control than rabies in wild Canidae for a variety factors including: high raccoon population
densities, especially along the suburban interface; access to a wide variety of competing food items
when baiting occurs; translocation, and vaccine spillage when they consume ORYV baits, as well as others
potential factors.
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Given the need to move more aggressively toward raccoon rabies elimination, WS and cooperators
initiated a field trial in West Virginia with ONRAB® (human adenovirus 5, Artemis Technologies, Guelph,
ON, CA) in 2011 with favorable safety and immunogencicity results (49% seroconversion after the first
baiting). Field trials have been expanded in 2012 to determine if there is an increasing role for ONRAB®
in raccoon rabies elimination in the U.S. One limitation associated with Raboral V-RG® is a general lack
of a rabies virus neutralizing antibody (RVNA) response in skunks under field conditions where ORV
baiting occurs for raccoons. This limitation is magnified by high levels of spillover of raccoon rabies virus
variant into skunks and a lack of a thorough understanding of the potential role skunks may have in virus
maintenance and reinfection of raccoons. However, due to an inadequate sample size of skunk sera, the
effect of ONRAB® distributed at similar baits densities (75/km2) and patterns as Raboral V-RG® could not
be evaluated in the 2011 field trial.
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To date about 140 million doses of oral rabies vaccine have been distributed in the U.S., with at least 80
percent applied toward control of raccoon rabies in 15 eastern states. Baits are the single largest cost
driver in contemporary wildlife rabies management with ORV. Currently, WS and collaborators are
conducting a new, comprehensive economic analysis to reevaluate the benefits: costs of ORV using
Regional Economic Modeling (REMI, Regional Economic Models Inc., Amherest, MA, U.S.). Putting costs
in the context of benefits is an increasingly critical component for evaluating the merits and
sustainability of coordinated government programs such as wildlife rabies management with ORV.
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While key wildlife rabies management successes have been realized, several challenges remain. Among
these are: finding the most effective, safest and least expensive bait-vaccine to achieve rabies
management goals in a timely manner; preparations for the effects of climate change, which could lead
to a northward range expansion of the vampire bat (Desmodus sp.) from Mexico into the southern U.S.
with substantial public and animal health impacts, and the effects on the rabies dynamics between
arctic and red foxes in the far north as polar ice coverage diminishes; illegal and unintentional
translocation of wildlife rabies reservoir species; addressing rabies in the introduced small Asian
mongoose (Herpestes javanicus) on Puerto Rico or other islands, and other exotics globally; preventing
introductions of canine rabies from developing countries where it remains enzootic in dogs; the role of
immunocontraceptives such as GonaCon™ (USDA, APHIS, WS, National Wildlife Research Center, Ft.
Collins, CO, U.S) in rabies control strategies; risk modeling for resource allocation to rabies management;
and research prioritization to ensure that surveillance and control methods and strategies may be
enhanced.
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Figure 1. Frequency and spatial distribution of rabies cases by species reported to the CDC in the U.S. in 2010
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Table 1. Summary of enhanced wildlife rabies surveillance and direct rapid immunohistochemistry testing (dRIT) conducted in
the U.S. by USDA, Wildlife Services, 2005-2011.
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Number Percent
Number of E nhanced Number dRIT Positive by Positive by

Year Surveillance Samples Tested dRIT dRIT
2005 7,623 2,738 91 33%
2006 7,281 6,400 87 14%
2007 10,812 9,037 189 21%
2008 11,004 8,790 142 16%
2009 12,198 10,533 160 15%
2010 9,242 7,324 145 20%
2011 7,915 7,386 139 19%
Total 66,075 52,208 953 18%

Figure 2. Oral Rabies Vaccination zones in the U.S. 2011.
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Figure 3. Emergence of canine rabies in south Texas from sources in Mexico and elimination through the integration of ORV into
rabies control in 1995.
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Figure 4. ORV bait distribution by species since 1992, with larger scale program emerging in 1998.
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Table 2. Vaccine-bait characteristics of ONRAB® (Artemis Technologies, Guelph, ON, CA) and Raboral V-RG® (Merial Limited,
Athens, GA, US).

#2. ONRAB® (bt  « 75 /7 ¢ /LA5) & Raboral V-RG® & DU 7 F LB HAT DKk

ONRAB® Raboral V-RG®

Vaccine Vector Recombinant — Human Recombinant -Vaccinia
adenovirus Type 5

Bait Matrix Vegetable fats, wax, vanilla, icing  Fish oil, fishmeal crumbles,
sugar, food-grade dye fishmeal shell

Packaging Ultra-lite — PVCBlister Pack CSor FMP —Plastic pack et
w /polyester lid

Cost S$1.33 eachin2011 $1.35 each

Bio marker Yes —tetracycline Yes — tetracycline in FMPs

only
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Figure 5. Raccoon population density index trends near or within ORV zones from the late 1990’s to date.

5. 1990 FFRE YN OBIEE TORA Y 7 F U B HISAHE TO 7 7 A 7~ [EAREE O R

Legend

NRMP Density Studies
Raccoon Density/KM2
® 00-50
51-150
15.1-250
® 251-550

[ Jusa
B canada




