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Importance of wildlife disease surveillance
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D36#16# 01(1.#0#() has been a vital part of
society since the plagues of biblical times, but
only recently have we begun to understand the
importance of wildlife as vectors and reservoirs
of many human diseases (Daszak et al. 2000,
Zinsstag et al. 2007). An integral component
to identiﬁcation and management of wildlife
diseases is surveillance. We describe the
primary threats of wildlife diseases to humans
and the environment, the role of surveillance
in wildlife disease management, and proposed
actions to enhance surveillance.

Threats to human health and safety
One of the most important concerns of wildlife
diseases is their threat to human health and
safety. Sixty‑one percent of infectious diseases
in humans are zoonotic (Taylor et al. 2001), and
75% of new and emerging infectious diseases
are zoonotic (Merianos 2007). The laeer cause
>14 million human deaths annually worldwide
(Taylor et al. 2001). Numerous wildlife species
serve as vectors of zoonotic diseases. Feral
hogs (Sus scrofa), for example, are susceptible
to brucellosis, plague, and inﬂuenza A viruses,
all of which have the potential to cause human
illness (Witmer et al. 2003). The ability of these
pathogens to infect multiple species, including
humans, is of extreme importance to public
health surveillance. Knowledge and awareness
of zoonotic diseases is obviously critical in
situations where direct contact with an animal
leads to human illness.
Historically, pathogens have been used to
create panic and fear among human popula‑
tions. Recently, concern over bioterrorism,
or the use of biological agents as weapons
against humans, has intensiﬁed (Pavlin et al.
2003). In the last decade, memorable incidents
occurred when anthrax was sent through the
U.S. Postal Service (Hsu et al. 2002). National
and international agencies have since been
created or expanded to strengthen emergency
preparedness for rapid detection and response
1

to disease outbreaks and reduce the likelihood
of bioterrorism through proactive eﬀorts at
international borders (Buehler et al. 2003, Pavlin
et al. 2003, U.S. Department of Agriculture
2005).

Threats to wildlife conservation
Pathogens can impact environmental
health. If the eﬀect of a pathogen on a wildlife
population or species is substantial, loss of
biodiversity can occur (Daszak et al. 2000).
While an individual death within a population
would unlikely be catastrophic, the loss of an
entire population would be. We are only now
beginning to recognize fully the potential and
magnitude of these threats. There are 2 fatal
diseases currently impacting insectivorous
wildlife populations in North America: the
chytrid fungus (Batrachochytrium dendrobatidis)
and white‑nose syndrome fungus (Geomyces
destructans). The chytrid fungus has been
aeributed as the cause for rapid declines of
numerous amphibian species worldwide (Stuart
et al. 2004), and the recent white‑nose syndrome
is creating massive declines in bat populations
throughout the northeastern United States
(Blehert et al. 2009, Buchen 2010).
Impacts to wildlife conservation can be
even more detrimental when threatened or
endangered species are concerned. As a result
of chytrid fungus infestations, populations of
endangered amphibian species are disappearing
around the world (Bosch et al. 2001, Laﬀerty
and Gerber 2002, Wheldon et al. 2004).
Similarly, the Tasmanian devil (Sarcophilus
harrisii) population has declined >60% since
the 1990s, largely as a consequence of devil
facial tumor disease, a nonviral transmissible
parasitic cancer (Hawkins et al. 2006, McCallum
et al. 2007). Consequently, the International
Union for Conservation of Nature (IUCN) has
changed the global conservation of Tasmanian
devils from lower‑risk–least‑concern in 1996 to
endangered in 2008 (Hawkins et al. 2008).
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Economic threats

to many decontamination methods (Wise et
Wildlife diseases result in economic losses al. 2005), preventative measures eﬀective in
because of their adverse eﬀects both on human reducing risk from this pathogen are now
health and safety as well as wildlife and available (Brown 2007).
domestic species. For example, the annual
estimated cost of canine rabies in Africa and
Surveillance
Asia is $583 million (Knobel et al. 2005). The
Surveillance is an integral and critical
economic impact of chronic wasting disease in component of all disease management (Food
white‑tailed deer (Odocoileus virginianus) from and Agriculture Organization 1999). Once the
a 4‑county area in Wisconsin was $15 million presence and extent of the pathogens have been
annually (Bishop 2004). The Hong Kong determined, steps can be taken to mange them
government spent $32 million in 2001 to cull through prevention, control, and eradication.
1.3 million poultry in an unsuccessful eﬀort Prevention is the necessary step to keeping a
to contain the spread of H5N1 avian ﬂu virus particular area, species, or population free of
(Cyranoski 2001).
disease. Control is the method used to bring an
Wildlife diseases can also impact economic already existent infection and infestation down
stability (Cleaveland et al. 2001). Certain to tolerable levels. Eradication implies taking
diseases carried by wildlife have the potential measures to ensure that the disease or pathogen
to cause high mortality in livestock and is no longer viable in the environment (Henke
poultry. As agricultural production expands, et al. 2007).
direct contact between wildlife and livestock
Public perception is important to eﬀective,
will increase, leading to problems not only for long‑term surveillance (Kronenweeer‑Koepel
farmers and producers, but for consumers, as et al. 2005). As wildlife is oHen considered a
well. For example, the foot‑and‑mouth disease shared public resource, conservation eﬀorts are
outbreak in the United Kingdom during 2001 oHen met with divergent opinions from various
resulted in the destruction of approximately 4 interest groups. It is important for biologists
million sheep and caele, costing the agriculture and managers in the ﬁeld of wildlife disease
and food industry >$4.5 billion (Thompson et management to understand these varying
al. 2002).
opinions while conveying the importance of
their work to the public.
Surveillance of wildlife is increasingly
Ecology and natural history of
important due to greater rates of interaction
pathogens
We can improve our knowledge of wildlife between wildlife and humans. Increased
diseases through understanding pathogen interaction also exposes humans to all patho‑
transmission within and among species. gens that wildlife may be carrying (Rabinowitz
Knowing pathogen entry into the host and and Gordon 2004, Wolfe et al. 2005). Also, as
transmission rates among hosts can help us to human populations continue to increase and
assess the signiﬁcance of a particular pathogen to modify the environment, wildlife habitat is
to an individual or population. One example altered, and the resulting changes may increase
of a functional surveillance program involves wildlife vulnerability to various pathogens
Baylisascaris procyonis, a parasitic roundworm (Patz et al. 2000, Daszak et al. 2001).
Many national programs and institutions in
known to cause death in children (Sorvillo et
al. 2002). Studies of the natural history of that the United States study pathways of disease
pathogen suggest that it is spread primarily transmission, host range, and pathogenicity. The
by raccoons and that transmission occurs Centers for Disease Control and Prevention in
commonly through ingestion (Sorvillo et al. Atlanta, Georgia, is one of the pioneer research
2002, Murray and Kazacos 2004). These types facilities dealing with human health concerns
of information can lead to advances toward and is a leading authority on infectious diseases.
treating the infection and eliminating the source The U.S. Department of Agriculture (USDA)
before more humans or animals are infected has developed multiple nationwide programs
(Murray 2002, Murray and Kazacos 2004). to assist in the detection, prevention, and
Although Baylisascaris procyonis is resistant control of human–wildlife conﬂict management
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(U.S. Department of Agriculture 2008). Two of
these programs are focused on wildlife disease
management: the National Rabies Management
Program (NRMP) and the National Wildlife
Disease Program (NWDP). While the NRMP
is speciﬁc to rabies management, the NWDP
encompasses surveillance of various feral swine
diseases, avian inﬂuenza, plague, tularemia,
chronic wasting disease, West Nile virus, and
other diseases of concern to human and animal
health. The USDA/Wildlife Services’ National
Wildlife Research Center in Fort Collins,
Colorado, and the U.S. Geological Survey’s
National Wildlife Health Center in Madison,
Wisconsin, are two of the many research
centers devoted to beeer understanding
wildlife diseases. These nationwide programs,
combined with international electronic
disease notiﬁcation systems (e.g., ProMED‑
Mail; www.promedmail.org), make response to
and prevention of diseases faster and easier,
providing more up‑to‑date knowledge of the
causes, method of transmissions, and potential
hosts.
Even in its earliest stages, wildlife disease
management in the United States has had
numerous successful eﬀorts. For example, the
release of sterile male Cochliomyia hominivorax
was the primary instrument responsible for
eradication of screwworm in the United States
(Baumhover 2002) and North America (Wyss
2000). Wildlife disease surveillance continues
to play a critical role maintaining screwworm
eradication (Wyss 2000, Baumhover 2002).
Similarly, global control and eradication of foot‑
and‑mouth disease has been maintained only
through wildlife disease surveillance (Sutmoller
et al. 2003). Although global eradication of classic
swine fever or hog cholera has been diﬃcult,
the United States essentially has been free of
the disease since 1976 (Wise 1986, Edwards
et al. 2000). Surveillance is an established
approach used to maintain classical swine fever
eradication in the United States, Canada, and
Central and Eastern Europe (Edwards et al.
2000). Continued suppression and management
of these and other diseases in the United States
and elsewhere during the previous century
have demonstrated that surveillance programs
are signiﬁcantly beneﬁcial to public health, the
economy, and wildlife conservation.
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Conclusions and recommendations
We recommend the following actions to
enhance wildlife disease surveillance eﬀorts: (1)
increased training of veterinarian and wildlife
heath staﬀ on early recognition stages of
wildlife diseases; (2) enhanced reporting rates
by farmers and wildlife disease professionals
to increase data acquisition; (3) development
of valid and comprehensive risk assessments to
estimate the magnitude, timing, and location of
disease outbreaks; (4) validation of appropriate
diagnostic tests; (5) improved preparedness of
government agencies, including enhancement
of infrastructures within wildlife and public
health sectors; and (6) continued basic and
applied research to understand the ecology
and biology of pathogens, their hosts, and the
environment for preparedness planning and
for reﬁning surveillance eﬀorts.
Communication is a critical aspect of any
wildlife disease management program (Myers
1998, Food and Agriculture Organization 1999).
Each of the 3 components of wildlife disease
surveillance (i.e., detecting disease presence,
characterizing prevalence and spread, and
monitoring [Nusser et al. 2008]), requires
eﬀective communication. Although many
countries have national reporting systems
and international reporting systems exist (e.g.,
World Health Organization), improvements can
be made (Food and Agriculture Organization
1999). Continued reﬁnement and expansion
of communication at all levels, from the
individual (e.g., farmer or biologist) to global
(e.g., database coordination and management)
levels will likely provide the greatest long‑term
beneﬁts to improve wildlife disease surveillance
and management.

Literature cited
Baumhover, A. H. 2002. A personal account of developing the sterile insect technique to eradicate the screwworm from Curacao, Florida and
the Southeastern United States. Florida Entomologist 85:666–673.
Bishop, R. C. 2004. The economic impacts of
chronic wasting disease in Wisconsin. Human
Dimensions of Wildlife 9:181–192.
Blehert, D. S., A. C. Hicks, M. Behr, C. U. Meteyer,
B. M. Berlowski-Zier, E. L. Buckles, J. T. H.
Coleman, S. R. Darling, A. Gargas, R. Niver,
J. C. Okoniewski, R. J. Rudd, and W. B. Stone.

168
2009. Bat white-nose syndrome: an emerging
fungal pathogen? Science 323:227.
Bosch, J., I. Martinez-Solano, and M. GarciaParis. 2001. Evidence of a chytrid fungus infection involved in the decline of the common
midwife toad (Alytes obstetricans) in protected
areas of central Spain. Biological Conservation
97:331–337.
Brown, M. H. 2007. Raccoon roundworm (Baylisascaris procyonis): are you at risk? Wildlife
Rehabilitation Bulletin 25:22–26.
Buchen, L. 2010. Disease epidemic killing only
U.S. bats. Nature 463:144–145.
Buehler, J. W., R. L. Berkelman, D. M. Hartley, and
C. J. Peters. 2003. Syndromic surveillance and
bioterrorism-related epidemics. Emerging Infectious Diseases 9:1197–1204.
Cleaveland S., M. K. Laurenson, and L. H. Taylor.
2001. Diseases of humans and their domestic mammals: pathogen characteristics, host
range, and the risk of emergence. Philosophical Transactions: Biological Sciences 356:991–
999.
Cyranoski, D. 2001. Outbreak of chicken flu rattles
Hong Kong. Nature 412:261.
Daszak, P., A. A. Cunningham, and A. D. Hyatt.
2000. Emerging infectious diseases of wildlife:
threats to biodiversity and human health. Science 287:443–449.
Daszak, P., A. A. Cunningham, and A. D. Hyatt.
2001. Anthropogenic environmental change
and the emergence of infectious diseases in
wildlife. Acta Tropica 78:103–116.
Edwards, S., A. Fukusho, P.-C. Lefèvre, A. Lipowski, Z. Pejsak, P. Roehe, and J. Westergaard.
Classical swine fever: the global situation. Veterinary Microbiology 73:103–119.
Food and Agriculture Organization of the United
Nations. 1999. Manual on the preparation of
national animal disease emergency preparedness plans. Food and Agriculture Organization
of the United Nations, Animal Health Manual,
Rome, Italy.
Hawkins, C. E., C. Baars, H. Hesterman, G. J.
Hocking, M. E. Jones, B. Lazenby, D. Mann, N.
Mooney, D. Pemberton, S. Pyecroft, M. Restani,
and J. Wiersma. 2006. Emerging disease and
population decline of an island endemic, the
Tasmanian devil Sarcophilus harrisii. Biological
Conservation 131:307–324.
Hawkins, C. E., H. McCallum, N. Mooney, M.
Jones, and M. Holdsworth. 2008. Sarcophilus

Human–Wildlife Interactions 4(2)
harrisii. International Union for Conservation
of Nature and Natural Resources, red list of
threatened species. Version 2009.2, <www.
iucnredlist.org>. Accessed May 6, 2010.
Henke, S. E., A. M. Fedynich, and T. A. Campbell.
2007. Wildlife disease management: an insurmountable challenge? Pages 279–294 in T. E.
Fulbright and D.G. Hewitt, editors. Frontiers in
wildlife science: linking ecological theory and
management applications. CRC Press, Boca
Raton, Florida, USA
Hsu, V. P., S. L. Lukacs, T. Handzel, J. Hayslett, S.
Harper, T. Hales, V. A. Semenova, S. RomeroSteiner, C. Elie, C. P. Quinn, R. Khabbaz, A. S.
Khan, G. Martin, J. Eisold, A. Schuchat, and R.
A. Hajjeh. 2002. Opening a Bacillus anthraciscontaining envelope. Emerging Infectious Diseases 8:1039–1043.
Knobel, D. L., S. Cleaveland, P. G. Coleman, E.
M. Fèvre, M. I. Meltzer, M. E. G. Miranda, A.
Shaw, J. Zinsstag, and F.-X. Meslin. 2005. Reevaluating the burden of rabies in Africa and
Asia. Bulletin of the World Health Organization
83:360–368.
Kronenwetter-Koepel, T. A., J. K. Meece, C. A.
Miller, and K. D. Reed. 2005. Surveillance of
above- and below-ground mosquito breeding habitats in a rural midwestern community:
baseline data for larvicidal control measures
against West Nile virus. Clinical Medicine and
Research 3:3–12.
Lafferty, K. D., and L. R. Gerber. 2002. Good medicine for conservation biology: the intersection
of epidemiology and conservation theory. Conservation Biology 16:593–604.
McCallum, H., D. M. Tompkins, M. Jones, S. Lachish, S. Marvanek, B. Lazenby, G. Hocking, J.
Wiersma, and C. E. Hawkins. 2007. Distribution and impacts of Tasmanian devil facial tumor disease. EcoHealth 4:318–325.
Merianos, A. 2007. Surveillance and response to
disease emergence. Current Topics in Microbiology and Immunology 315:477–509.
Murray, W. J. 2002. Human infections caused by
the raccoon roundworm, Baylisascaris procyonis. Clinical Microbiology Newsletter 24:1–7.
Murray, W. J., and K. R. Kazacos. 2004. Raccoon
roundworm encephalitis. Clinical Infectious
Diseases 39:1484–1492.
Myers, J. H. 1998. Eradication and pest management. Annual Review of Entomology 43:471–
491.

Commentary
Nusser, S. M., W. R. Clark, D. L. Otis, and L.
Huang. 2008. Sampling considerations for disease surveillance in wildlife populations. Journal of Wildlife Management 72:52–60.
Patz, J. A., T. K. Graczyk, N. Geller, and A. Y. Vittor. 2000. Effects of environmental change
on emerging parasitic diseases. International
Journal for Parasitology 30:1395–1405.
Pavlin, J. A., F. Mostashari, M. G. Kortepeter, N.
A. Hynes, R. A. Chotani, Y. B. Mikol, M. A. K.
Ryan, J. S. Neville, D. T. Gantz, J. V. Writer,
J. E. Florance, R. C. Culpepper, F. M. Henretig, and P. W. Kelley. 2003. Innovative surveillance methods for rapid detection of disease
outbreaks and bioterrorism: results of an interagency workshop on health indicator surveillance. American Journal of Public Health
93:1230–1235.
Rabinowitz, P. M., and Z. Gordon. 2004. Outfoxing a rash: clinical example of human–wildlife
interaction. EcoHealth 1:404–407.
Sorvillo, F., L. R. Ash, O. G. W. Berlin, J. Yatabe,
C. Degiorgio, and S. A. Morse. 2002. Baylisascaris procyonis: an emerging helminthic zoonosis. Emerging Infectious Diseases 8:355–359.
Stuart, S. N., J. S. Chanson, N. A. Cox, B. E.
Young, A. S. L. Rodriques, D. L. Fischman,
and R. W. Waller. 2004. Status and trends of
amphibian declines and extinctions worldwide.
Science 306:1783–1786.
Sutmoller, P., S. S. Barteling, R. C. Olascoaga,
and K. J. Sumption. 2003. Control and eradication of foot-and-mouth disease. Virus Research
91:101–144.
Taylor, L. H., S. M. Latham, and M. J. Woolhouse.
2001. Risk factors for human disease emergence. Philosophical Transactions: Biological
Sciences 356:983–989.
Thompson, D., P. Muriel, D. Russell, P. Osborne,
A. Bromley, M. Rowland, S. Creigh-Tyte,
and C. Brown. 2002. Revue Scientifique et
Technique-Office International des Epizooties
21:675–687.
U.S. Department of Agriculture. 2005. National
Wildlife Disease Research Program factsheet.
Animal and Plant Health Inspection Services,
<www.aphis.usda.gov/wildlife_damage>. Accessed May 6, 2010.
U.S. Department of Agriculture. 2008. Natural Resources Conservation Service, <http://www.
mo15.nrcs.usda.gov/technical/mlra_ms.html>.
Accessed May 10, 2010.

169
Wheldon, C., L. H. du Preez, A. D. Hyatt, R. Muller,
and R. Speare. 2004. Origin of the amphibian
chytrid fungus. Emerging Infectious Diseases
10:2100–2105.
Wise, G. H. 1986. Eradication of hog cholera
from the United States. Pages 199–223 in G.
T. Woods, editor. Practices in veterinary public
health and preventative medicine in the United
States. Iowa State University Press, Ames,
Iowa, USA.
Wise, M. E., F. J. Sorvillo, S. C. Shafir, L. R. Ash,
and O. G. Berlin. 2005. Severe and fatal central
nervous system disease in humans caused by
Baylisascaris procyonis, the common roundworm of raccoons: a review of current literature. Microbes and Infection 7:317–323.
Witmer, G. W., R. B. Sanders, and A. C. Taft. 2003.
Feral swine—are they a disease threat to
livestock in the United States? Wildlife Damage Management Conference 10:316–325.
Wolfe, N. D., P. Daszak, A. M. Kilpatrick, and D.
S. Burke. 2005. Bushmeat hunting, deforestation, and prediction of zoonoses emergence.
Emerging Infectious Diseases 11:1822–1827.
Wyss, J. H. 2000. Screwworm eradication in the
Americas. Annals of the New York Academy of
Sciences 916:186–193.
Zinsstag, J., E. Schelling, F. Roth, B. Bonfoh, D. de
Savigny, and M. Tanner. 2007. Human benefits
of animal interventions for zoonosis control.
Emerging Infectious Diseases 13:527-531.

JERROLD L. BELANT is an assistant

professor in the Department of Wildlife, Fisheries,
and Aquaculture at Mississippi State University. He
received his B.S. and M.S. degrees from the University of Wisconsin–Stevens
Point and his Ph.D. degree
from the University of Alaska–
Fairbanks. His research interests include carnivore ecology, resource selection, and
human–wildlife conflicts.

AMANDA R. DEESE is an M.S. candidate

in the Department of Wildlife,
Fisheries, and Aquaculture at
Mississippi State University. She
is currently employed as a wildlife specialist with USDA/Wildlife
Services. Her research interests
include wildlife disease ecology
and human–wildlife conflicts.

