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SUMMARY OF PROPOSED WORK

The goal of this internship at the New York State Animal Health Diagnostic Center (AHDC) at Cornell University was to develop or modify commercially available diagnostic tests to diagnose bovine viral diarrhea virus (BVDV) and Coxiella burnetii exposure in wild white-tailed deer (Odocoileus virginianus).  The disease prevalence information elucidated by these serological tests will be used to identify focal disease “hotspots” in New York State.  The spatial component of the BVDV prevalence results will also be used to determine the status of white-tailed deer as either a BVDV spillover or reservoir species for domestic cattle.  The work that was achieved through this internship will be applicable to a variety of wildlife species in other regions of the world and will be useful to public health officials and livestock managers.
INTRODUCTION
Infectious diseases of wildlife is an emerging area of environmental concern that is pertinent to various fields, including public health (i.e., diseases shared between humans and wildlife), agriculture (i.e., pathogens transmitted between domestic species and wildlife), and wildlife management (i.e., pathogens affecting threatened species). Many diseases of wildlife are linked with environmental change, the majority of which are human-induced.  As a result of warming temperatures, various pathogens have increased their geographic range of infection and expanded their list of susceptible species. It is estimated that 77% of livestock pathogens are generalist pathogens that infect multiple species, and, although 49% - 69% of human diseases are zoonotic, 73% of human emerging or re-emerging infectious diseases of the last twenty years have a wildlife host. It is therefore critical that livestock producers, wildlife managers, veterinarians, and public health officials understand the potential for interspecies transmission of pathogens.

Several wild ungulate species, including white-tailed deer, are suspected to be reservoirs for a number of both economically important and public-health related diseases. Bovine viral diarrhea virus (BVDV) is one of the most costly diseases of the United States cattle industry, and, although several countries in Europe have successfully eradicated the disease, it is still commonly diagnosed throughout the United States. Interspecies pathogen transmission between white-tailed deer and cattle has been confirmed experimentally and it is suspected that natural interspecies disease transmission occurs as a result of pasture sharing. Interspecies transmission of Coxiella burnetii, a zoonotic pathogen, is also suspected to occur between wild deer and domestic cattle. Due to the highly infectious nature and aerosol route of transmission of C. burnetii, the pathogen is considered a possible agent of bioterrorism and became a nationally notifiable disease in 1999. Coxiella burnetii infected white-tailed deer pose a significant public health risk, most notably to deer hunters.  

Bovine Viral Diarrhea Virus (BVDV) is one of the most costly diseases of the United States cattle industry and, despite attempts at eradication, it is estimated 1% to 10% of United States dairy operations have BVDV on their premises.  In 2005, U.S. producers spent an estimated $760 million to $2.2 billion on BVDV related costs. The economic toll of BVDV on the cattle industry led the American Association of Bovine Practitioners and the National Cattlemen’s Beef Association to formally announce resolutions designed to eradicate BVDV from the United States. Wild ruminants frequently share grazing space, feed, and water with pastured domestic animals, and it is thought that re-introduction of BVDV into BVDV-free herds by wildlife reservoirs may be an important cause for failure of BVDV eradication programs.


Coxiella burnetii is a zoonotic bacterium found throughout the world that causes a clinical disease in humans known as Q fever. Domestic cattle, sheep, and goats are the most notable reservoirs for human infections. Wildlife species, including white-tailed deer, also serve as potential sources of infection. An infectious dose for humans may be as little as a single bacterium and, due to the highly infectious nature and aerosol route of transmission of C. burnetii, Q fever is considered a possible agent of bioterrorism. 


The prevalence, distribution, and spatial epidemiology of BVDV and C. burnetii in white-tailed deer in the northeastern United States have yet to be examined. This study proposes to determine the distribution and prevalence of BVDV and C. burnetii in wild white-tailed deer in Pennsylvania and New York. The disease prevalence information to be elucidated by this study will be of value to public health officials regarding high-risk areas of C. burnetii exposure due to the bacterium’s zoonotic nature. The results will be pertinent to livestock managers, veterinarians, and government agencies regarding the BVDV management, control, and eradication policies of individual farms and/or regions.  The validation of a commercially available BVDV enzyme-linked immunosorbent assay (currently licensed for use in cows only) for application in white-tailed deer will encourage the validation of the test for use in other wild ungulate species, and the techniques developed to diagnose C.  burnetii exposure in deer are applicable to a wide variety of wildlife species.           
INTERNSHIP OBJECTIVES

1.) Estimate the prevalence and distribution of bovine viral diarrhea virus-seropositive wild white-tailed deer in New York and Pennsylvania.
2.) Estimate the prevalence and distribution of Coxiella burnetii-seropositive wild white-tailed deer in New York and Pennsylvania.
3.) Develop molecular technique skills pertaining to serum neutralization titer assays, indirect microimmunofluorescence, and enzyme-linked immunosorbent assays.
METHOD DEVELOPMENT
A commercially available bovine BVDV blocking enzyme-linked immunosorbent assay (SVANOVIR BVDV p80-AB ELISA kit, Svanova Biotech AV, Upsala, Sweden) was modified for use in white-tailed deer and the positive cut-off value was decreased from 45 to 19.  All seropositive samples were confirmed via BVDV1 and BVDV2  serum neutralization assays.

Coxiella burnetii whole cell antigen indirect microimmunofluorescence (IFA) was used to diagnose C. burnetii seropositive white-tailed deer.  Kidney epithelial cells of the African green monkey (vero cell line) were infected with Coxiella burnetii phase II (RSA39).  After 72 hours of incubation at 36(C, the infected cells were fixed to commercial IFA slides.  Fluorescein isothiocyante-labeled rabbit anti-deer IgG antibody conjugate was used to detect anti-C. burnetii antibodies.
PRELIMINARY RESULTS 

The modified BVDV-blocking ELISA and the whole cell antigen IFA slides were used to test 325 sera samples collected in 2009 from New York hunter-harvested deer and 291  live-captured deer from Pennsylvania. In New York, a BVDV seroprevalence of 6.46% (21/325) was  calculated; in Pennsylvania, a seroprevalence of less than 1% (1/291) was determined.  Regarding C. burnetii, a seroprevalence of 15.38% (50/325) was calculated for deer sampled in New York and a seroprevalence of 20.96% (61/291) was determined for Pennsylvania live-captured deer.  

The spatial distribution of seropositive deer was investigated in a Geographic Information Systems (GIS) framework.  Figures 1 and 2 display the geographic distribution of BVDV seropositive and C. burnetii seropositive deer.

Figure 1.  Number of BVDV seropositive white-tailed deer by township, New York, 2009.
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Figure 2. Number of C. burnetii seropositive white-tailed deer by township, New York, 2009.
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FUTURE RESEARCH
I will use the disease prevalence data generated during this internship to create a disease risk surface for each pathogen.  This will be accomplished by combining GIS layers containing information regarding BVDV or C. burnetii prevalence in white-tailed deer, probability of habitat use, and estimated relative deer density to create a disease risk surface for each pathogen. 

The disease risk surfaces will display relative risk values of land units pertaining to the risk of intraspecies transmission of BVDV or C. burnetii. 

The presence and locations of disease clusters will be investigated via spatial epidemiological software to define “core affected areas”.  The geographic location of BVDV disease clusters will be used to determine if the geographical locations of diseased deer are spatially correlated with the location of BVDV-infected cattle operations.
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