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DISEASE SURVEILLANCE OF WILD HOGSIN GREAT SMOKY MOUNTAINS
NATIONAL PARK - A FOCUS ON PSEUDORABIES

TABBATHA A. CAVENDISH, The University of Tennessee, 1412 Circle Drive,
Knoxville, TN 37996, USA, tcavendi @utk.edu

WILLIAM H. STIVER, Great Smoky Mountains National Park, 107 Park Headquarters
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ABSTRACT: Great Smoky Mountains National Park (GRSM) has received credible
reports of individuals obtaining feral hogs from other states and illegally releasing them
near the park boundary. These reports have been supported by the removal of hogs with
physical and behavioral characteristics not common of wild hogsin GRSM. In 2001,
GRSM established a partnership with the North Carolina Department of Agriculture and
Consumer Servicesto survey for wild hog diseases and, in 2005, similar partnerships
were established with the Tennessee Department of Agriculture and the United States
Department of Agriculture, Animal and Plant Health Inspection Service, Veterinary
Services. From 2001 to 2007, 497 wild hog serological samples (28.4% of all hogs
removed) were collected and tested for swine brucellosis and pseudorabies. All samples
were negative for swine brucellosis. Since 2005, 16 wild hog samples (3.2%) tested
positive for pseudorabies and the most recent sampling indicates that the prevalence and
distribution of the disease may beincreasing in GRSM. The occurrence of pseudorabies
in GRSM isthought to be directly related to theillegal release of fera hogs near the park
boundary.

KEY WORDS: diseases, Great Smoky Mountains, National Park Service, pseudorabies,
wild hog.

into the southwestern portion of Great

INTRODUCTION Smoky Mountains National Park
European wild boar (Sus scrofa) were (GRSM), and by the 1970’ s inhabited

first introduced into the southern the entire park.

Appaachian Mountainsin 1912 for Wild hog rooting damages natural

private hunting purposes (Stegeman and cultural resourcesin GRSM,

1938, Jones 1957). In 1920, about 100 impacting native vegetative

of these wild boars escaped, scattered communities, populations, succession

throughout the surrounding area, and patterns, and nutrient cycles (Bratton

interbred with free ranging domestic 1974, Bratton 1975, Howe and Bratton

swine, resulting in ahybrid “wild hog”. 1976, Huff 1977, Howe et al. 1981,

By the late 1940’s, wild hogs migrated Bratton et al. 1982, Singer et al. 1984).
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Wild hogs affect native wildlife through
predation, habitat alteration, and
competition for available food resources
(Matschke 1965, Henry and Conley
1972, Ackerman et a. 1978, Singer et al.
1984). Because wild hogs are non-
native (exotic) and threaten the
protection and interpretation of resources
being preserved, National Park Service
Management Policies (2006) state they
should be controlled or eradicated.
Since 1959, GRSM staff has used a
combination of trapping, shooting and
limited fencing to control wild hogs
(National Park Service 1993).

Wild hogs are also a host for
infectious and parasitic diseases that
may affect other wildlife, livestock and
people (Wood and Barrett 1979,
Davidson and Nettles 1997).
Psuedorabies (PRV), caused by porcine
herpes virustype 1, and swine
Brucellosis, caused by the bacterium
Brucella suis, affect reproduction, and
therefore are significant concerns for the
domestic swine industry. Brucellosis
also has public health implications, since
it can be potentially fatal if contracted by
humans. Although previous serological
surveys of wild hogsin GRSM revealed
no evidence of PRV or brucellosis
(Smith 1979, Zygmont et al. 1982, New
et a. 1994), both diseases are found in
wild hog populations throughout the
southeast (Davidson and Nettles 1997).

The distribution of feral hogsis
increasing in the United States (Mayer
2004), partly duetoillegal relocations,
which may also increase the distribution
of PRV and brucellosis. In recent years,
GRSM has received credible but
unconfirmed reports of huntersillegally
releasing feral hogs obtained from other
states (e.g., Florida, Georgia and South
Carolina), near the National Park
boundary. These reports have been
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supported by the removal of hogs that
have exhibited unusua behavioral (e.g.,
reduced fear of people) and physical
characteristics (e.g., white or spotted
coloring, curly tail, short snout) that are
more indicative of feral hogs from other
regions.

The concern for the introduction of
pseudorabies and swine brucellosis to
the GRSM area, aong with state
regulatory demands, prompted a
partnership in 2001with the North
Carolina Department of Agriculture and
Consumer Services (NCDACS) to
monitor for wild hog diseasesin the
North Carolina portion of GRSM. In
2005, partnerships were al so established
with the Tennessee Department of
Agriculture (TDA) and the United States
Department of Agriculture, Animal and
Plant Health Inspection Service,
Veterinary Services (APHIS) to monitor
for wild hog diseasesin the Tennessee
portion of GRSM. The abjective of the
disease monitoring program was to
survey for the presence of PRV and
swine brucellosisin the GRSM wild hog
population. Results of the cooperative
wild hog disease monitoring program are
compiled and reported.

METHODS

We collected blood samples from
hogs that were shot or trapped and
humanely euthanized according to the
American Veterinary Medical
Association guidelines (Beaver et al.
2001). Approximately 10 milliliters
(ml) of blood were collected from the
thoracic cavity (preferable the heart) of
dead hogs, as soon as possible. Blood
samples were centrifuged (228
centrifuge, Fisher Scientific, Atlanta,
Georgia, USA) to separate the serum
and samples were frozen and stored at 4
degrees C. For each animal removed,
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location (UTM), sex, estimated age,
condition, color and other notable
observations were recorded. We used
topographic maps or global positioning
systems (Garmin Ltd, Olathe, Kansas,
USA) to determine UTM locations and
ArcGIS (ESRI, Redlands, California,
USA) to map location data.

Serum samples were sent to the
Rollins Animal Disease Diagnostic
Laboratory in North Carolinaand the
C.E. Kord Animal Disease Diagnostic
Laboratory in Tennessee. For PRV, an
enzyme-linked immunosorbent assay
(ELISA) was used to detect antibodies
to the pseudorabies virus; the latex
agglutination test (LAT) was used to
confirm the result. For swine
brucellosis, there are a variety of
presumptive tests used by State animal
health agencies for serologic samples.
In North Carolina, the Buffered
Acidified Plate Antigen (BAPA) assay
test was used, followed by the Card
Test (CT). In Tennessee, the Rapid
Automative Presumptive (RAP) test
was used, followed by the Standard
Plate Test (SPT).

RESULTS

From 2001 to 2007, 1,747 wild
hogs were removed from GRSM; serum
samples were collected from 497 of
these (28.4%) and tested for PRV and
brucellosis (Table 1). No hogs tested
positive for brucellosis; however, 16
(3.2%) tested positive for PRV (Table
1). All samples collected from 2001 to
2004 were negative for PRV; however,
in 2005, 2006 and 2007 the number of
PRV positive samples were two (3.8%),
four (2.7%) and 10 (6.6%), respectively
(Fig. 1). Fifteen PRV positive samples
(93.8%) were collected from the
southwestern corner of GRSM (Fig. 2).

3

DISCUSSSION

Previous serological surveys of wild
hogsin GRSM revealed evidence of
porcine parvovirus, leptospirosis, and
toxoplasmosis, but no evidence of PRV
or brucellosis (Smith 1979, Zygmont et
al. 1982, New et al. 1994, Diderrich et
al. 1996). However, these studies may
have been hampered by limited
sampling, particularly from the
southwest portion of GRSM. The
current disease monitoring program has
been more intensive resulting in larger
and amore widespread distribution of
sampling, and since 2005 has confirmed
the presence of PRV in the GRSM wild
hog population.

The higher number of PRV positive
hog samples in the southwestern portion
of GRSM (93.8%) may be dueto
increased sampling in thisarea. The
southwestern portion of GRSM has
better hog habitat and therefore more
hogs are removed from this area (Keller
et a. 2003). However, the southwest
portion of GRSM isthe primary location
where wild hogs with feral
characteristics, including 18 semi-tame
hogsin 1996 and two semi-tame white
hogsin 2000 (Fig. 2) have been
removed. A serological survey
conducted from 1998 to 2000 found one
wild hog sample (0.5%) suspected to be
PRV positive (titer 1:8; J. New,
University of Tennessee, unpublished
data) in the southwest portion of GRSM
(Fig. 2). The southwestern GRSM
boundary is easily accessible by
roadway or boat and traditionally has
been an area with significant challenges
to patrol by GRSM Rangers and State
Wildlife Officers. Itisan areaof
concern regarding the illegal releases of
feral hogs. The higher occurrence of
PRV in the southwestern portion of
GRSM isthought to be due to theillegal
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release of diseased feral hogs from other
southern states, where the disease is
endemic.

The prevalence and distribution of
PRV in GRSM’swild hog popul ation
may be spreading. The number of wild
hog PRV positive samples has
increased from two (3.8%) in 2005 to
10 (6.6%) in 2007 (Fig. 1). In addition,
one positive sample collected in 2007
was from the southeastern portion of
GRSM (Fig. 2). Wild hogsin GRSM
move seasonally in response to food
and these movements may be spreading
the disease. However, the occurrence
of aPRV positive samplein the
extreme southeastern portion of GRSM
ismore likely due to additional illegal
releases of feral hogs. Infact, GRSM
staff recently received credible but
unconfirmed reports of huntersillegally
releasing feral hogs near the
southeastern portion of the park that
were originally captured in South
Carolina. Given seasonal movements
of wild hogs and additional illegal
releases of feral hogs, PRV may
eventually spread throughout GRSM.

MANAGEMENT IMPLICATIONS
Historically, wild hogs from GRSM
were donated to the Tennessee Wildlife
Resources Agency (TWRA) and the
North Carolina Wildlife Resource
Commission (NCWRC) for relocation
to specifically designated lands that
were open to public hunting. From
1959 to 2005, over 4,000 wild hogs
were donated to the two states.
However in 2003, the wild hog general
agreement with TWRA was not
renewed for several reasons, including
the concern of spreading swine diseases
such as pseudorabies and swine
brucellosis; additional environmental
damage caused by relocated wild hogs,

4

and the lack evidence that relocated
animals increase or improve hunting
opportunities. 1n 2005, the wild hog
cooperative agreement with NCWRC
was terminated as aresult of a new
NCWRC regulation that prohibited the
unregulated transport of swinein the
state. The primary concern was to
reduce the potential spread of swine
diseases throughout the State of North
Carolina.

PRV positive wild hogs in GRSM
are apotential threat to native wildlife.
Although natural infections of PRV in
non-swine hosts are not common,
severa wildlife species can be infected
including black bears (Ursus
americanus, Pirtle et al. 1986) and
coyotes (Canislatrans;Raymond et al.
1997). Particularly for carnivores,
disease transmission is thought to occur
by ingestion of tissues containing PRV
or bite wounds. Symptoms of PRV
infection are similar to rabies and
usually cause death. Disposed wild hog
carcasses in GRSM are frequently
scavenged by other wildlife, sometimes
within hours. Black bears and coyotes
are most notable for scavenging wild
hog carcasses, and could become
infected with PRV by ingesting virus
containing tissues. Park staff has also
observed evidence of coyoteskilling
and eating wild hogs, particularly
piglets, which could expose them to
PRV via bite wounds and/or ingesting
contaminated tissues.

PRV -positive wild hogs in GRSM
are also apotential health threat to
livestock outside the park and therefore
aconcern to the NCDACS and TDA.
North Carolina, in particular, is one of
the largest producers of pork inthe U.S.
and could incur large economic costs
should they loose their pseudorabies-
free status. Although, the U.S.
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Department of Agriculture has
practically eliminated PRV from U.S.
domestic swine populations, wild hog
populations serve as a significant
reservoir that threaten the industry
(Gresham et al. 2002, Witmer et al.
2003, Corn et al. 2004). Giventhe
presence of PRV in GRSM wild hogs,
the potential environmental and
economic impacts of PRV, and the
potential to spread other significant
swine diseases (i.e., swine brucellosis)
fromillegal releases of feral hogs,
continuation of this cooperative wild
hog disease surveillance program will
be necessary.

ACKNOWLEDGEMENTS

We would like to thank Dr. Tom
Ray, Dr. David Waldrep, and Mr. Mike
Stiles with the North Carolina
Department of Agriculture and
Consumer Services, Dr. Ron Wilson
with the Tennessee Department of
Agriculture and Dr. Todd J. Duenckel
with the United States Department of
Agriculture, Animals and Plant Health

Inspection Service, Veterinary Services.

We would also like to thank Nancy
Finley, Matt Kulp and Dr. LisaMuller
for reviewing this manuscript.

LITERATURE CITED
ACKERMAN, B.B., M. E. HARMON,
and F. J. SINGER. 1978.

Studies of the European wild
boar in the Great Smoky
Mountains National Park. First
Annual Report, Part 11: Seasonal
food habits of European wild
boar, 1977. Uplands Field
Research Laboratory, Southeast
Region, National Park Service,
Great Smoky Mountains
National Park, Gatlinburg
Tennessee.

5

BEAVER, B.V., W. REED, S. LEARY,

B. McKIERNAN, F. BAIN, R.
SCHULTZ, B. T. BENNETT, P.
PASCOE, E. SHULL, L. C.
CORK, R. FRANCIS-FLOYD,
K. D. AMASS, R. JOHNSON,
R. H. SCHMIDT, W.
UNDERWOOD, G. W.
THORNTON and B. KOHN.
2001. Report of the AVMA panel
on euthanasia. Journal of the
American Veterinary Medical
Association 218:669-696.

BRATTON, S. P. 1974. The effect of

European wild boar (Sus scrofa)
on the high-elevation vernal flora
in Great Smoky Mountains
Nationa Park. Bulletin of the
Torrey Botanical Club 101:198-
206.

. 1975. The effect of the

European wild boar (Sus scrofa)
on the Gray Beech Forest in the
Great Smoky Mountains.
Ecology 56:1356-1366.

, M. E.HARMON, and P. S.

WHITE. 1982. Patterns of
European wild boar rooting in
the Western Great Smoky
Mountains. Castanea 47:230-
242.

CORN, J. L., D. E. STALLKNECT, N.

M. MECHLIN, M. P.
LUTTRELLK, and J. R.
FISCHER, J.R. 2004.
Persistence of pseudorabies virus
in feral swine populations.
Journal of Wildlife Diseases
40:307-310.

DAVIDSON, W.R.,and V. F.
NETTLES. 1997. Field manual
of wildlife diseasesin the
Southeastern United States.
Book Production Resources,
Athens, Georgia, USA.

Stephen M. Vantassel, editor-- Internet Center for Wildlife Damage Management. http://icwdm.org



DIDERRICH, V., J. C. New, G. P.

NOBLET, and S. PATTON.
1996. Serologic survey for
Toxoplasma gondii antibodiesin
free-ranging wild hogs (Sus
scrofa) from the Great Smoky
Mountains National Park and
fromsitesin South  Carolina.
The Journal of Eukaryotic
Microbiology 43:122.

GRESHAM, C. S,, C. A. GRESHAM,

M. J. DUFFY,C.T.
FAULKNER, and S. PATTON.
2002. Increased prevalence of
Brucella suis and pseudorabies
virus antibodies in adults of an
isolated feral swine population in
coastal South Carolina. Journal
of Wildlife Diseases 38: 653—
656.

HENRY, V. G., and R. H. CONLEY.

1972. Fall foods of the European
wild hogs in the southern
Appaachians. Journal of
Wildlife Management 36:854-
860.

HOWE, T.D., and S. P. BRATTON.

1976. Winter rooting activity of
the European wild boar in the
Great Smoky Mountains
National Park. Castanea41:256-
264.

, F. J. SINGER, and B. B.

ACKERMAN. 1981. Forage
relationships of European wild
boar invading northern
hardwood forests. Journal of
Wildlife Management 45:748-
754.

HUFF, M. H. 1977. The effect of

European wild boar (Sus scrofa)
on the woody vegetation of gray
beech forest in the Great Smoky
Mountains. Management Report
No. 18, Uplands Field Research
Laboratory, Southeast Region,

2008 National Conference on Feral Hogs. April 13-15, 2008; St. Louis, MO
Hosted by the Missouri Department of Conservation

National Park Service, Great
Smoky Mountains National Park,
Gatlinburg, Tennessee.

JONES, P. 1957. A historical study of
the European wild boar in North
Carolina. Master of Artsin
Education Thesis, Appal achian
State Teacher’s College, Boone,
North Carolina. 100 pp.

KELLER, R.D.,R. G. LITCHFORD, J.
C. BRINSON, A. D. CARROLL,
J. M. HOUCK, H. F. MAUNEY,
and M. T. McDONALD. 2003.
Hog Wild: Using GIS to examine
26 years of wild boar control
efforts (1976-2001) in the Great
Smoky Mountains National Park.
ArcUser 6:12-13.

MATSCHKE, G. H. 1965. Predation of
European wild hogs on dummy
nests of ground-nesting birds.
Proceedings of the Annual
Conference of the Southeast
Association of Game and Fish
Commissioners 19:154-156.

MAYER, J. J. 2004. Taxonomy and
history of wild pigsin the United
States. Proceeding of the 2004
Wild Pig Symposium. In Press.
Nationa Park Service. 1993.
Wild hog management guideline,
Great Smoky Mountains
National Park. 34pp.

. 2006. Management
policies 2006. 169pp.New, J. C.,
Jr, K. DeLozier, C. E. Barton, P.
J. Morrisand L. N. D. Potgieter.
1994. A serologic survey of
selected viral and bacterial
diseases of European wild hogs,
Great Smoky Mountains
Nationa Park, USA. Journal of
Wildlife Diseases 30:103-106.

PIRTLE, E. C,, M. E. ROELKE, and J.
BRADY. 1986. Antibodies
against pseudorabies virus serum

6

Stephen M. Vantassel, editor-- Internet Center for Wildlife Damage Management. http://icwdm.org



2008 National Conference on Feral Hogs. April 13-15, 2008; St. Louis, MO

Hosted by the Missouri Department of Conservation

of aFlorida black bear cub.
Journal of the American
Veterinary Medical Association
189:1164.

RAYMOND, J. T.,R. G. GILLESPIE,
M. WOODRUFF, and E. B.
JANOVITZ. 1997.
Pseudorabies in captive coyotes.
Journal of Wildlife Diseases
34:916-918.

SINGER, F. J.,, W. T. SWANK, and E.
E. C. CLEBSCH. 1984. Effects
of wild pig rooting in a
deciduous forest. Journal of
Wildlife Management 48:464-
473.

SMITH, P. C. 1979. Research and
diagnostic techniques used in
chronic Pseudorabies virus
infections of swine.

Proceedings of the United States
Animal Health Association 83:
432-443.

STEGEMAN, L. J. 1938. The European
wild boar in the Cherokee
Nationa Forest, Tennessee.

7

Journal of Mammalogy. 19:279-
290.

WITMER, G. W., R. B. SANDERS, and

A.C. TAFT. 2003. Fera swine
—are they a disease threat to
livestock in the United States?
Proceedings of the 10" Wildlife
Damage Management
Conference 10:316-325.

WOOD, G. W., and R. BARRETT.

1979. Statusof wild pigsin the
United States. Wildlife Society
Bulletin 7:237-246.

ZYGMONT, S M., V. F.NETTLES, E.

B. SHOTTS, Jr., W. A.
CARMEN, and B. O.
BLACBURN. 1982. Brucellosis
inwild swine: A serologica and
bacteriological survey inthe
southeastern United States and
Hawaii. Journal of the
American Veterinary Medical
Association. 181:1285-1287.

Stephen M. Vantassel, editor-- Internet Center for Wildlife Damage Management. http://icwdm.org



2008 National Conference on Feral Hogs. April 13-15, 2008; St. Louis, MO
Hosted by the Missouri Department of Conservation

Table 1. Number and percent of wild hogs removed and tested for pseudorabies and swine brucellosisin
Great Smoky Mountains National Park, 2001-2007.

No. of Percent No.
pigs No. Percent No. PRV PRV Brucella
Year removed tested tested positive positive positive
2001 241 25 10.37 0 0 0
2002 256 39 15.23 0 0 0
2003 347 70 20.17 0 0 0
2004 140 13 9.29 0 0 0
2005 235 52 22.13 2 3.85 0
2006 254 146 57.48 4 2.74 0
2007 274 152 55.47 10 6.58 0
8
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Figure 1. Number and percent of wild hogs removed from Great Smoky Mountains National Park that
tested positive for pseudorabies, 2001-2007.
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@® 2001-2007 - ALL DATA

@ 2005 - PRV positive
1 2006 - PRV positive
A 2007 - PRV positive

¥ 1996 - 18 feral hogs
Y& 1999 - 1 suspected for PRV
% 2000 - 2 white feral hogs

Figure2. Locations of wild hogs tested for pseudorabies (PRV) in Great Smoky Mountains National Park (GRSM), 2001-2007 (black dots). Locations of wild
hogs that tested positive for PRV in GRSM, in 2005 (red circles), 2006 (yellow squares), and 2007 (blue triangles). Also shown are locations of feral hogs
known to beillegally released (green and blue stars) and of a hog suspected to be positive for PRV (white star).
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