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Executive Summary

The United States Department of Agriculture, in conjunction with the Michigan Department of Agriculture and Michigan Department of Natural Resources, convened a team of international experts to review the current status of the Michigan Bovine Tuberculosis Eradication Program.  This panel was comprised of bovine tuberculosis officials and researchers worldwide, with expertise in the control and eradication of bovine tuberculosis, including members from countries with the presence of the disease in both free-ranging and livestock populations.

The team members presented an overview of the history of tuberculosis control and research in their geographical areas, including measures used and lessons learned.  After two days of presentations from the assembled team, the third day of the meeting was turned over to a group discussion led by a professional moderator.  The focus of this discussion was to investigate what implications emerging science in the area of bovine tuberculosis control and eradication might have, and how the experience of the participants in managing bovine tuberculosis in a variety of wildlife species in other countries might help to guide Michigan’s bovine tuberculosis eradication strategy.

The group discussion identified many issues that will be important as Michigan continues to work on eradicating bovine tuberculosis.  Three major areas of discussion were identified:  Livestock disease and management programs, strategies for controlling and eliminating the disease in wildlife, and understanding the transmission of the disease within and between species.  Gaining and maintaining stakeholder support for eradication was considered by the group to be critical for success, and specific activities associated with eradication should be evaluated partially based upon their effect on this support.

Control of bovine tuberculosis in livestock was discussed, and the group identified that current activities need to be based upon the fact that an alternative source of infection was present, separate from historical livestock methods.  The interface between wildlife and livestock, and the development of strategies to reduce the transmission risk between the two, was considered important.  In addition, programs and protocols enacted for livestock (as well as wildlife) should consider whether they facilitate elimination of the disease, or provide incentives to “live with” the disease.

Wildlife disease control was seen as a critical component of eliminating bovine tuberculosis.  A major requirement for achieving success in wildlife disease eradication is maintaining stakeholder support, in the face of the need for long-term interventions.  The length of time necessary to obtain eradication success will be dependent upon how long it takes to reach and maintain a minimum density of animals.  In addition, focusing on the areas with the highest disease prevalence will speed up the eradication program.  Tuberculosis control in other countries has been hindered by periods of decreased focus and activity, resulting in more extensive outbreaks of disease.  These subsequent outbreaks resulted in greatly increased resource inputs to regain control.  Michigan was identified to be at a critical stage where adequate resources and activities can be successful in eliminating the disease.  If the disease becomes more entrenched, the potential for success may decrease rapidly.

Disease transmission between species was identified as being different among countries, and is an area of uncertainty for many programs.  Consideration must be given to the potential that multiple transmission routes are present, and there is likely a knowledge gap in the area of transmission between livestock and wildlife.  The program must consider reducing transmission risk between these species, and the interface between livestock and wildlife should be an area of focus.

The subject of vaccination for bovine tuberculosis in livestock or wildlife received much discussion.  It was indicated that vaccine usage in livestock may not be an optimal use of resources in areas of relatively low disease prevalence, and has a risk of diverting focus from other critical control measures identified.  The concept of tuberculosis vaccination in wildlife is an emerging area of research that may warrant further investigation.  Any usage in wildlife would have many impediments to implementation that would take considerable time to resolve.  Tuberculosis control in Kruger National Park will soon begin to include vaccination of some wildlife species, and may provide a useful test of this concept.

The group identified other areas of focus that will be critical to success in Michigan.  These issues included focusing on development of creative ways to reduce the risk of transmission at livestock/wildlife interfaces, while maintaining pressure on eliminating the disease from wildlife.  Success in livestock populations may depend upon the industry being supported as part of the solution to the problem, as opposed to a victim of the situation.  There needs to be long term focus on communication efforts, including stakeholders within and between states, to ensure that understanding and support for the program is consistent.

Although the problem remains challenging, the tuberculosis situation in Michigan has advantages over comparable programs in many other countries.  The disease is not expanding rapidly into new areas, and the main infected wildlife species can be intensively managed for transmission risks and population densities.  The members commended the USDA for convening the meeting, considered a valuable opportunity and resource for all the involved parties and affiliated programs.
I.  Introduction

Bovine tuberculosis (TB) was once widespread among U.S. livestock. The United States Bovine TB Eradication Program began in 1917 and proved highly effective in controlling the disease.  By the 1960s the number of TB-reactor cattle being detected in Michigan was declining rapidly and by 1979 the State had declared itself bovine TB ‘accredited free’. 

At that time the extent of bovine TB in Michigan wildlife was unstudied.  In contrast to the situation with domestic livestock, the disease appears to have been rare in most wild species over the past century.  Prior to 1995 there had been only eight cases of bovine TB reported in wild deer from throughout North America (Schmitt et al. 1997).   

In 1975, a tuberculous wild white-tailed deer was shot by a hunter in the Northeastern Lower Peninsula (NLP).  In 1994, a second tuberculous deer was shot in Alpena County, nine miles from the location of the first case.  Wildlife surveys conducted in the spring and fall of 1995 detected further cases among wild deer.  Since then, extensive annual surveillance has established that persistent TB infection is present at greater than 2 percent prevalence among deer in a ‘core area’ of 15-20 townships on the shared boundary of Alpena, Alcona, Oscoda and Montmorency Counties in the Northeastern Lower Peninsula (NLP) of Michigan.   

In 1998, cases of bovine TB infection began to re-emerge among livestock in the counties surrounding the core area. As a consequence of this resurgence in TB among livestock, Michigan lost its bovine TB ‘accredited-free’ status in June 2000 and is currently designated as having ‘modified accredited’ status.   

The United States Department of Agriculture’s (USDA) stated intention is ‘to eradicate bovine tuberculosis from the domestic livestock population of the United States’ (APHIS 2000).  This implies that all states need to achieve, and maintain, tuberculosis accredited free status.  Thus, there is pressure for Michigan to eradicate tuberculosis from its wildlife population so as to prevent transmission of the disease from wildlife to domestic livestock.  Michigan hunters and the public are also concerned at the risk the disease poses to the wild deer population.  Michigan has consequently implemented a wide range of management activities to combat the current disease problem:

· Prevention of within- and between-herd transmission of infection by livestock through herd testing and depopulation, restrictions on livestock movement, and slaughterhouse surveillance;

· Prevention of transmission of infection from wildlife to cattle through increased harvesting to reduce wildlife population numbers, and changes in farm management practices such as fencing and feed storage;

· Reducing, and if possible eradicating, bovine TB infection from wildlife through wildlife population reduction, and restrictions on supplemental feeding and baiting that cause wildlife to congregate.

These management actions were implemented progressively in the late 1990s.  It is therefore of considerable concern to all parties that since 2000 there has been no evidence of any significant decline in TB prevalence among wild deer, nor any abatement in the number of cattle herds becoming infected with the disease.


In mid-2003, concern at the lack of progress towards TB eradication led Dr. Joan M. Arnoldi, State Veterinarian, Animal Industry Division, Michigan Department of Agriculture; and Rebecca Humphries, Chief of the Wildlife Division, Michigan Department of Natural Resources, to invite an international panel of bovine TB researchers and managers to meet in San Diego, California to review the bovine TB situation in the state of Michigan.  The focus of the meeting was to consider the latest research and management findings in the U.S. and overseas, and to consider the prospects for new or enhanced strategies for TB eradication. 

The meeting aimed to summarize the best ideas and understanding of the international team in a report that could be brought back to Michigan to assist the state officials charged with developing an enhanced bovine TB Eradication Strategy during 2004.  
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III.  Schedule of Review Team Presentations 

Thursday October 16, 2003

1. 
Dr. Joan M. Arnoldi:  Bovine Tuberculosis in Michigan Livestock

2. 
Dr. Reed E. Macarty:  USDA Support of the Michigan Tuberculosis Program

3. 
Dr. Stephen M. Schmitt:  Bovine TB in Michigan’s Wildlife

4. 
Dr. Carole Bolin:  MSU-CVM Bovine TB Research

5. 
Dr. Mitchell Palmer:  Bovine Tuberculosis Research, Agricultural Research Service, USDA

6. 
Dr. Thomas DeLiberto:  Ecology of Mycobacterium bovis in Michigan

7. 
Prof. Frank Griffin:  Diagnosis of Mycobacterial Diseases in Deer

8.  
Dr. Roy G. Bengis:  Bovine Tuberculosis in Free-ranging Wildlife in the Kruger National Park 

Friday October 17, 2003

9. 
Dr. Paul G. Livingstone:  Bovine TB Research and Management in New Zealand

10. 
Mr .Graham Nugent:  TB in Red Deer and Other New Zealand Wildlife: Some Recent Research

11. 
Dr. Alick Simmons:  Bovine Tuberculosis in Great Britain

12. 
Dr. Stacey Tessaro:  Mycobacterium bovis in Canadian Wildlife

13. 
Dr. Graham J. Hickling:  Prospects for Successful Management of Bovine Tuberculosis in Michigan

14.  
Dr. Leigh A.L. Corner:  Natural Infection, Minimum Dose, and Experimental Infection

15.  
Dr.  Phil Elzer (presented by Dr Carole Bolin):  A Multivalent Vaccine for Protection Against Brucellosis and Tuberculosis

16.  
Dr. E. Thomas Thorne:  Conflicts in Authority and Strategies to Address Wildlife Disease Issues (Verbal presentation only)

17.  
Dr. John Fischer:  Assessing and Managing Disease Risks in Wildlife.

18. 
Dr. Micheal J. Gilsdorf:  USDA, APHIS Perspective

19. 
Dr. Stephen M. Schmitt:  A New Strategy to Control TB in Michigan Wildlife

IV.  Summary of Formal Presentations 

Dr. Joan M. Arnoldi: Bovine Tuberculosis in Michigan Livestock

Historical overview:  Michigan entered the Bovine Tuberculosis (TB) Eradication program in 1917, and by 1979 had achieved TB Free State status.  In 1994 TB was identified in wild deer in Northeastern (NE) Lower Michigan.  Whole herd testing of any cattle, goat, or cervid farm within five miles of any tuberculous positive free-ranging deer was then instituted. 

In December 1997, TB was confirmed in a privately owned deer herd, leading to the institution of mandatory statewide surveillance of captive cervid herds in January 1999.  From January 1, 1998, – October 11, 2003, a total of 31,334 live animal tests and 3,286 slaughter tests were conducted in captive cervid herds statewide, but no further TB cases were found.

In July 1998, a small beef herd in NE Lower Michigan was found to be infected.  This led to mandatory testing and movement restrictions so that by January 2000 a statewide surveillance program for cattle and goats was in place.  This involved herd testing for three consecutive years in high risk areas, and a goal of testing all herds in the state by December 31, 2003. Dairy herds were tested first, in part because many of the beef herds are small and difficult to locate.  Whole herd or individual animal testing, and official identification, are required before animal movement is permitted.

In March 2002, the state was divided into three zones: Infected (with annual whole herd testing of 688 herds), Surveillance (with biannual whole herd testing of 411 herds), and Disease Free.  Disease Free counties adjacent to the Surveillance Zone required two whole herd tests within two years for 1800 herds.  Other responses to the problem have included electronic identification of all cattle in NE Michigan, and an upgrade in indemnity of to 100 percent of fair market value (to a maximum of $4,000).

By late 2003, a total of one cervid herd and 30 cattle herds had been found infected, with 28 of these located within the Surveillance or Infected zones.  On two farms, reinfection of repopulated beef herds has occurred.  All infected herds have been located in counties known to harbor infected free-ranging deer.  

Dr. Reed E. Macarty: USDA Support of the Michigan TB Program

The United States Department of Agriculture (USDA) assists the Michigan Department of Agriculture’s (MDA) TB surveillance activities through skin testing in each of the three zones described above and slaughter surveillance (for example, 36 cases were submitted for histology and culture in 2002–all were negative).  The USDA maintains a satellite office with three veterinarians and six animal health technicians in the infected area to assist with testing, herd depopulation, and research.  Additional USDA staff are located in various parts of the Disease Free zone.

The USDA also assists financially through indemnity agreements, equipment and supplies, and research funding (particularly for MSU).

At the time of the workshop, the USDA was considering Michigan’s application for ‘Split State’ Status.  A package sent out to other states for comment had received back 77 responses, only seven of which were unfavorable.  Michigan had, at that time, achieved 97 percent completion of the statewide testing requirement. 

Dr. Steven M. Schmitt: Bovine TB in Michigan’s Wildlife

Michigan has a long tradition of deer hunting, and also of recreational viewing and feeding of deer.  Deer were over-harvested by the early settlers, but following the imposition of hunting regulations (seasons, bag limits) and recovery of forests after logging their populations have rebounded markedly in recent decades.

By the mid 1970s in the U.S. there had been only eight previous occurrences of bovine TB in wild deer, with only a single animal involved in each case.  Consequently, when TB was first identified in Michigan deer shot by hunters (in 1975 and again in 1994) it was not initially thought that the disease would be self-sustaining in the deer population.  However, the identification of numerous infected deer in the NE Lower Peninsula through surveillance efforts beginning in 1995 soon led to reevaluation of that assumption.

By mid 2003 a total of 106,028 deer (most submitted voluntarily by hunters in the fall) had been inspected, with 449 testing positive for TB.  Almost all (96 percent) of the positive cases have come from the ‘four county’ area surrounding Deer Management Unit (DMU) 452.  Disease appears to be spilling over into other wildlife in the area, but is unlikely be sustained in those species in the absence of ongoing infection from the deer population.  (A potential exception to that would be the small herd of elk located northeast of the core area of deer infection; these elk are at risk because of their aggregated distribution and likely susceptibility to M. bovis).

Deer are thought to be contracting infection primarily by consumption of contaminated feed.  There has been a long tradition of winter feeding of deer, and the majority of Michigan deer hunters will use bait to attract deer if they are permitted to do so.  The bacteria can potentially survive four months or more on feed in cool conditions.

Prior to a ban on feeding deer in the problem area in 1998, it is estimated that at least $50 million of agricultural products were being sold annually for feeding and baiting deer in the problem area.

Current management of the problem focuses on bans and/or restrictions on feeding and baiting of deer, plus measures to increase the harvest so as to reduce population abundance.  By 2002 a 40 percent reduction in the 5-county deer population had been achieved, but there is now hunter opposition to any further reduction in deer numbers.  There appears to have been a downward trend in both the prevalence and incidence of disease in the population since the mid-90s, although prevalence appears to have stabilized at around 2.5 percent for the past several years.

Given current reasonable compliance with the feeding/baiting restrictions, and public opposition to further lowering of the overall deer population, new techniques will be required if further progress towards eradication of the disease is to be made.  Farmers’ feed storage and winter feed-out practices also remain a concern, as in some instances wild deer are continuing to access these feed materials. 

Dr. Carole Bolin: MSU College of Veterinary Medicine’s Bovine TB Research

Researchers within the Michigan State University (MSU) College of Veterinary Medicine are presently funded to research a variety of topic relating to bovine TB.  These include:

· Factors which influence the performance of the gamma interferon test

· Positive control & sample handling

· Vaccination regimens

· Viral vaccines which suppress the immune response

· Bacterial vaccines which may stimulate the immune response

· Effect of concurrent Johne’s Disease

Detection of M. bovis in the environment on infected cattle farms

· Detection of M. bovis in small mammals 

· Microassay analysis of bovine immune response

· TB infection trials in a number of species

The gamma interferon test is on track to replace the comparative cervical test for cattle; this will happen in the Infected Zone first.  The tests appear to have similar performance–the advantage is that for cattle with a positive caudal fold (CF) test, a blood sample for gamma interferon can be taken on the spot.  There are various issues still being looked at; for example storage temperature has a marked effect on test performance, so blood should be chilled for transport.

There has been speculation that the presence of Johne’s could be playing a role in the high numbers of ‘false negative’ and ‘suspect’ CF tests being reported in Michigan, but results to date do not support this.

A small mammal study done in collaboration with USDA Wildlife Services suggests that infection of small mammals is unlikely to be making a major contribution to TB persistence in Michigan’s problem area.

Environmental sampling trials have demonstrated that an artificial ‘spike’ of 50-100 colony forming units (cfu) of M. bovis within a 2g sample can be detected.  However there has been no success as yet in detecting M. bovis from environmental samples collected from infected farms – the problem is one of ‘looking for a needle in a haystack’. 

Dr. Mitchell Palmer: Bovine Tuberculosis Research, Agricultural Research Service (ARS), USDA

The objectives of current bovine Tb research at the ARS are:

· Define interactions between various host species and M.  bovis.

· Develop and evaluate improved tests for the diagnosis of M. bovis infections in different animal species.

· Develop improved methods for differentiation of M. bovis isolates.

 

The first objective involves transmission studies, experimental models of infection, and evaluation of vaccines as a possible management tool.  

The transmission work has investigated deer to deer and deer to cattle transmission via contaminated feedstuffs, including survival of M. bovis on the feedstuffs.  The conclusions were that deer can transmit TB both to other deer and to cattle, and that direct contact between the animals is not necessary if they share bedding and food.  In trials done at temperatures ranging from 75°F to 0°F, bacilli at all temperatures survived for seven days on tested feed materials, and for 16 weeks at 0°F.

Animal models of infection have been investigated using guinea pigs, mice, and rabbits via aerosol exposure, and cattle and deer via intranasal, intratracheal, and intratonsilar exposure.  Lesion distributions resulting from experimental infection using a nebulizer are not a good match to the outcomes of natural respiratory infect.

Vaccine work has involved BCG vaccination of white-tailed deer, cattle, reindeer, and elk.  Experimental DNA vaccines (ESAT-6, CD80 and CD86) are also under investigation, but so far none have provided a better protective response than traditional BCG.

Potential new diagnostic tests for various species, and improved methods for differentiation of M. bovis strain types, are also under investigation.  One of the diagnostic projects is the development of a gamma interferon blood test for white-tailed deer. 

Dr. Thomas DeLiberto: Ecology of Mycobacterium bovis in Michigan

Research by USDA Wildlife Services personnel on the TB problem in NE Lower Michigan has addressed the following topics:

· Evaluating sentinel species

· Interactions among wildlife and cattle

· Identification and surveillance of reservoirs

· Developing barriers

· Modeling the ecology of Bovine TB

Sentinel species should ideally have relative high prevalences that correlate with TB levels in deer, and moderate home range sizes so that the likely area within which they contracted infection can be assessed.  Fieldwork has been undertaken to assess these two characteristics for coyotes, which may have some potential as a sentinel species.

Direct observations and scans using Forward Looking Infrared Technology (FLIR) have been made in the problem area to investigate whether wildlife-cattle interactions have implications for TB transmission.  Surveillance of small mammals to assess TB status has also been undertaken.  Wildlife Services staff are working with MSU to investigate the potential for persistent environmental contamination on infected farms, and research on barriers to reduce bovine TB transmission from deer to cattle.  Potential barriers include frightening devices, fencing, and livestock protection dogs.  It may be significant that with one (early) exception, none of the 77 fenced captive cervid facilities are known to have become infected with TB in recent years.

To date, few direct interactions of species have been seen, so the relative importance of the various potential pathways of TB transmission remains uncertain. 

Prof. Frank Griffin: Diagnosis of Mycobacterial Diseases in Deer

For the past 18 years Griffin’s lab has worked to develop new diagnostic tests for TB that provide enhanced sensitivity when used serially with the CF skin test.   The various species of Mycobacteria (M. avium, M. paratuberculosis, M. bovis, etc) share large numbers of antigens, and have relatively small numbers of unique antigens that allow them to be distinguished from each other.  This leads to problems with cross-reactions that can generate false positives for M. bovis exposure.

This led to development of the BTB test, which uses both cell-mediated and antibody responses to evaluate whether M. bovis infection occurs.  As a part of that research, intratonsilar infection of the deer animal model was found to be a predictable, representative and reliable way of mimicking natural infection.  Low dose (10 – 100 cfu) produced the most “typical” pathology and severity.

Many animals exposed to M. bovis never acquire TB, perhaps because they acquire protective immunity.

Double-dose BCG vaccine is much better performing than a single dose, however, the challenge is how to apply multiple doses to wildlife species that may not be easily caught, and recaptured.  A ‘prime boost’ technique may allow the benefits of a double dose to be approximated by using a two-phase oil/water emulsion.  The aqueous vaccination acts as the initial boost, while the more slowly oil emulsion later provided the booster vaccination.

Other findings from the lab include evidence that red deer stags exhibit considerable heritability of resistance to TB (estimated heritability 0.48).  This opens the intriguing possibility of natural or artificial selection for deer that are less susceptible to TB than is the case at present. 

Dr. Roy G. Bengis: Bovine Tuberculosis in Free-ranging Wildlife in the Kruger National Park

Kruger National Park (KNP) has a serious and spreading problem of tuberculous wildlife species in the park.  The disease is thought to have been introduced into Africa with colonial cattle important from Europe in the 18th and 19th Centuries, and crossed the southern boundary of KNP in 1958 or 1959.  In 2000, surveys showed that tuberculous wildlife had moved 100 km north of their earlier boundary. 

Buffalo represent an ideal naïve host for TB, as they are gregarious and in close contact with each other (ecologically, they fill a similar ecological nice to that of cattle).  Despite the high prevalence of TB in their herds, a few old buffalo appear to never contract TB – it might be valuable to research why this is so.

In 1996 infection of kudu was discovered, often with infection of the parotid lymph node, which suggests that they may have contracted by feeding on spiky thorn bushes that had been contaminated previously by other infected animals.  Warthogs also have maintenance host potential because they are communal burrowers and their lungs can be packed with acid-fast organisms.  Unlike coyotes, the felid species do develop lesions, as do baboons.  

Management options at Kruger are limited.  A 1000 km, 7 foot-high electrified fence has been installed in an attempt to prevent interchange of animals across the park boundary, however, the local peoples’ cattle graze up against the fence.  Eradication or mass depopulation of infected wildlife is unacceptable to stakeholder groups.  There have been efforts to shift healthy Kruger buffalo elsewhere to maintain their genetic stock, and work is underway to determine the likely efficacy of a BCG vaccination program for the buffalo.  Oral vaccination of lions may also be a possibility.

Environmental persistence of M. bovis appears limited at Kruger; in hot dry periods the bacilli typically persist for less than four days, although this can extend to six weeks under moist cool conditions. 

Dr. Paul G. Livingstone: Bovine TB Research and Management in New Zealand

New Zealand (NZ) has about 9.3 million cattle, in 71,000 herds, and a land area of 66 million acres.  As in other countries, TB levels in cattle and humans were high until the 1920s and then fell rapidly as TB eradication measures were implemented.   Progress with the eradication scheme had stalled by the late 1970s, however, due to re-infection of herds from infected wildlife on and adjacent to farmland.  MAF and later the Animal Health Board (AHB), the agencies responsible for managing bovine TB, consequently divided the country into ‘vector free’ and ‘vector risk’ areas depending on the infection status of the local wildlife, particularly brush-tail possums and to a lesser extent ferrets (both are exotic species introduced to New Zealand in the late 1800s).

TB management currently relies on ‘three legs of a stool’:  surveillance testing and removal of cattle and farmed deer reactors, control of livestock movement from infected herds and high risk areas, and reduction and maintenance of very low densities of possums and other infected wildlife.  

Research to support these efforts is coordinated by a National Science Strategy Committee for Bovine TB and is divided into short term (<5 years, e.g., modified toxins and traps, better diagnostic tests), medium term (e.g., new toxins and vaccines) and long term (>10 years, biological control, possibly with Genetically Modified Organisms). 

TB was managed under a National Pest Management Strategy from 1996-2001, which achieved its goal of reducing the number of infected herds (from 1700 to 800) but failed to prevent expansion of New Zealand’s vector risk areas (which now represent 40 percent on NZ’s land area).  A second National Strategy has now been implemented for the period 2001-2013, with the specified goal of reducing NZ’s infected cattle and deer herds to <0.2 percent annual period prevalence by 2013.

An important part of these strategies has been to set appropriate incentives to ensure that farmers take the TB problem seriously and are proactive in managing wildlife risk factors on their farms.  For example, cattle indemnity is set at only 65 percent of fair market value.

Lessons learned from eradication efforts to date include the importance of:

· ‘keeping clear areas clear’;

· having support by the vast majority of stakeholders for the objectives and funding arrangements of the program;

· moving rapidly to deal with any new outbreaks of infection in fringe areas;

· maintaining adequate surveillance of the disease status of the wildlife populations.

 

A recent newsletter from Animal Health Board has explained their interest in the prospects for vaccines to assist in TB eradication and ‘keeping clear areas clear’.  The AHB’s vaccine research is based on using a live attenuated form of M. bovis, known as BCG (Bacillus of Calmett-Guerin), to vaccinate possums and stimulate a response that makes them immune to infection from the field strain of M. bovis.  The vaccine is based on the current human TB vaccine that has been used to vaccinate more than 3 billion people worldwide.  Currently, international trade obligations preclude the use of Tb vaccines in domestic cattle and deer.

“Why don’t you just kill the possums rather than vaccinate them?” is a common reaction to this line of research.  It is not intended that vaccination will replace culling of possums, instead it will provide another tool in the AHB toolbox that may assist in the control of TB.  Modeling indicates that a combination of culling and vaccination will yield a more effective way of controlling bovine TB.  Proactive vaccination of possums may also prove to be a more effective way of preventing vector risk areas from expanding.  In addition, the strategy may allow the use of pesticides to be reduced. 

The key outcomes of this research program so far are:

· Possums in a wild TB population that were vaccinated via a hand-held aerosol vaccinator had significantly less TB than possums that were not vaccinated; 

· The development of an oral bait BCG vaccine which is as effective as an aerosol or sub-cutaneously administered vaccine in protecting possums against challenge with M. bovis;

· The packaging of an oral bait BCG vaccine for delivery to wild possums.

 

The proposed outcomes from further work are:

· Determining the efficacy of oral bait BCG vaccine (both multiple and single dose) and duration of immunity in caged possums;

· Determining the efficacy of oral bait BCG vaccine in protecting possums from TB infection in the field;

· Identifying costs and best practice in presenting oral bait BCG vaccine to possums at a farm level;

· Determine via modeling how, when and where oral bait BCG vaccine should be employed and assess the likely cost effectiveness.

To achieve these outcomes, AHB is expanding research on the feasibility of vaccination as a control tool.   If preliminary results from the cage and field trials show success, a computer-based model will be used to identify how, when, and where oral bait BCG vaccine should be used and the costs and benefits relative to existing control.  Based on these outcomes, AHB will implement farm-based trials and endeavor to quantify the link between vaccination of wild possums and any reduction of TB in cattle and deer herds. 
 

Mr. Graham Nugent: Tb in Red Deer and Other New Zealand Wildlife 

New Zealand has only about 40,000 hunters (out of a population of 4 million), who harvest around 70,000 deer annually.  All seven deer species in NZ are exotics and are consequently unprotected–there is a year-round hunting season with no bag limit.  Furthermore, deer can be hunted commercially on foot or from aircraft for venison, or live captured for transfer to deer farms.  Consequently, the potential carrying capacity for deer in NZ forests is about 25 deer/km2 but the current density averages only about four deer/km2.

There are only a few areas in New Zealand where it is possible that deer may be sustaining TB infection.  In contrast, possums are often at 10X higher density in the same or adjacent habitats and will maintain infection in their populations year after year.  After possums, ferrets are probably the next most important host species for TB–they scavenge readily, including on the carcasses of other ferrets, which helps cycle TB infection.  Ferrets are considered potential maintenance hosts for TB in those areas where they are present at highest densities.

Deer can certainly pick up infection from adjacent infected possum populations, but are usually ‘spillover’ hosts.  Evidence for this comes from data showing that deer TB levels decline when adjacent populations of infected possums are culled.  Nevertheless, TB infections can linger in a deer population for a decade or more, because some deer survive for extended periods.

Feral pigs are abundant in scrub habitats and are highly susceptible to TB.  Because they scavenge carcasses they can reach TB prevalences approaching 100 percent, but they shed few bacteria and consequently are spillover rather than maintenance hosts.  These characteristics, plus their moderately large home ranges, make them an ideal ‘sentinel’ species for detection of lower-prevalence wildlife TB in newly infected areas. 

Dr. Alick Simmons: Bovine Tuberculosis in Great Britain

Bovine TB control in Britain began in the 1930s, at which time about 30 percent of all cattle were infected.  Progress towards eradication was good until a pocket of problem herds in the Southwest was identified in the early 1970s.  The role of wild badgers in maintaining TB infection in this region was identified in 1975.

Various disease control strategies have been implemented since then, with vigorous input from a wide spectrum of stakeholder groups.  There are very high levels of government protection for badgers, which are viewed as an iconic species.  Badger gassing is highly controversial, with several scientific reviews concluding that the evidence ‘strongly supports’ but does not conclusively prove the benefits of badger population reduction as a protective measure for livestock.  Diversion of attention away from the problem during the Foot and Mouth Disease outbreak in Britain led to an upwards swing in TB, which demonstrates that the situation can worsen rapidly in the absence of ongoing management.

Research efforts are divided between culling, pathogenesis/transmission studies, and vaccine development – with an independent advisory group playing a coordinating role.  Vaccines seem most likely to be useful as a follow-up tool to culling, to help ‘damp down’ any new flare-ups of infection.  There is some thought that that the research emphasis is wrong at present, with too much attention being paid to cattle diagnostics and insufficient to combating the disease transmission pathways.

A major ‘randomized badger culling’ field trial is underway to assess the benefits of badger removal.  There are three treatments (complete removal; removal in response to cattle infections, no removal) replicated across a 3000 km2 study area, with a staff of 180 and an annual budget of $7 million plus laboratory costs. Results are not due until 2006, and public disruption of the trial is becoming problematic.  It will be important to have management strategies thought-through before the final results of the study are publicized – there needs to be greater ‘engagement’ of stakeholders (in part so that more of the costs of future management can be passed to them).

Alternatives to culling – in particular farm management strategies and vaccination –need further consideration.  Given that current management is not halting the increasing national incidence of cattle infection, and current costs are nevertheless become unsustainable, there is a growing need to develop a Bovine TB Strategy for Great Britain. 

Dr. Stacey Tessaro: Mycobacterium bovis in Canadian Wildlife

Canada is grappling with two wildlife-TB problem areas: bison in Wood Buffalo National Park, and elk in Riding Mountain National Park.

The bison in Wood Buffalo have been known to have TB and brucellosis for many decades, having acquired it from cattle that mingled with the founding groups of bison when the park was becoming established in the early 1900s.  Periodic studies confirmed the diseases were present, but the park was remote so there was little concern until Canada declared itself brucellosis ‘free’ in 1985.  A 1988 Parks/Agriculture task force was formed and recommended depopulating the herd and restocking the area with healthy animals.  After two years of hearings most major environmental agencies and the agricultural community were in agreement with this strategy, but local Indians, smaller environmental groups, and Parks Canada opposed depopulation.

Further research in the late 1990’s concluded that TB was rampant in the bison (prevalence estimates of 21 percent and 49 percent from separate studies), that the herd was declining, and that is should be depopulated.  Eight hundred and eight (808) other wild animals have been inspected (mainly rodents and shrews) and no TB has been found with the possible exception of one suspect wolf.  

Discussions on the depopulation proposal are still ongoing, and at present “the data appears to be losing out to the public relations”.  Meanwhile, landowners have permission to shoot bison that leave the south end of the park, and all adjacent cattle are being regularly tested for brucellosis and TB.  The nearest healthy herd of bison is 100km to the north, and a ‘free kill’ zone has been established in an effort to keep the herds separate.  

Manitoba was declared ‘free’ of livestock TB in 1986, but in 1991 seven cattle herds had to be depopulated in the Rossburn area close to Riding Mountain National Park.  In early 1992 a TB-positive wild elk was found near Rossburn.  Wildlife surveillance since then has produced 0 – 4 annual cases of TB in wild deer and elk, with an overall prevalence of 0.7 percent in elk and 0.1 percent in deer.  As of 2002, >4500 cattle have been tested, and 1,800 animals from 10 herds have had to be destroyed.

Management actions taken include a ban on bait or feeding of cervids, mass TB testing of cattle in the vicinity of the park, removal of cattle feed from fields, construction of barrier fences around cattle feed and feedlots, control of livestock movement, and a requirement that hunters submit cervid heads for testing.   The possibility of supplementing hunting with additional culling to reduce the herd is under debate.  There are also habitat improvement efforts (to encourage cervids to stay within the park) and a $1 million research project is underway to better understand elk movement and behavior, particularly in relation to farming practices.

Because there are only 3,500 elk and 800 deer in the park, the situation can be characterized as ‘calmer’ than is the case in Michigan.  Nevertheless, there is ongoing concern from the farming community, which wants to see the elk depopulated. 

Dr. Graham J. Hickling: Prospects for Successful Management of Bovine Tuberculosis in Michigan

Bovine tuberculosis in free-ranging deer in Michigan’s NE Lower Peninsula is concentrated within a high-prevalence ‘core area’, where the disease appears to be self-sustaining.  Small numbers of infected deer are present in counties well outside of the core area, however, under present conditions bovine TB seems unlikely to be self-sustaining in those counties. 

Over the period 1995-2000 there was no significant change in core area prevalence, nor was there any significant expansion or contraction of the infected area.  Consequently, natural movement of wild white-tailed deer does not at present appear to pose a significant risk of spreading bovine tuberculosis from the Lower Peninsula to other states or to Michigan’s Upper Peninsula.

Within the core area, variation in bovine TB prevalence among townships is positively correlated with differences in deer abundance and the extent of human provision of supplemental foodstuffs to deer in those townships.  Food supplementation is the more pronounced of these two effects.

In recent years, concern over TB spread has led to a 40 percent reduction in deer density and an approximate 75 percent reduction in food supplementation activities within the core area.  Preliminary modeling predicts that these positive outcomes of the current management regime are unlikely to achieve eradication of bovine TB infection from the deer population.  Further reduction in deer numbers and food supplementation by humans, and actions such as fencing and de-stocking to help separate deer and cattle, would improve the prospects of achieving this target.  There is considerable hunter opposition to further reductions in the overall deer population.  Targeting of high-prevalence townships (or perhaps even individual infected deer if these can somehow be identified) may be a somewhat more acceptable strategy that could be pursued in coming years. 

Dr. Leigh A.L. Corner: Natural Infection, Minimum Dose, and Experimental Infection

Determining the relative importance of various potential pathways (oral, respiratory, etc) for M. bovis infection of wildlife requires consideration of:

· The likely size of dose that would be encountered through each pathway;

· The ecological and behavioral factors influencing the likelihood that an encounter through that pathway would occur.

Unlike natural infections, experimental infections usually aim to be repeatable, reliable, and have a high probability of causing infection.  Quite high doses are often applied, and as a consequence the progression of infection may not mimic what is seen in the field.

For example, the ‘classic’ epidemiology of badger-cattle TB is that badger-badger transmission is by aerosols and bites, but that badger-cattle transmission involves an oral route associated with massive excretion of bacilli in badger feces and urine onto pasture and feed.  Consequently, the management recommendation has been to exclude badgers from barns and feeding troughs.

There are problems with this hypothesis, however.  ‘Massive excretion’ may only be valid for terminally ill badgers.  Cattle tend to avoid badger urine and feces, badgers tend to avoid cattle, and a very high dose of M. bovis is required to infect cattle through the oral route.

An alternative hypothesis is that badgers infect cattle through the aerosol route.  This would require close contact (<2m), perhaps by a terminally ill badger or one that is spending time housed with cattle in their sheds over winter.

Current research in Ireland is investigating deer-cattle-badger transmission using strain typing and detailed post mortem of deer.  Badger vaccination research is also planned, beginning with experimental infection studies (1.5 years) to be followed by vaccination and challenge studies (first in pens for 5+ years, and later in the field for 3-5 years). 

Dr. Phil Elzer (presented by Dr. Carole Bolin): A Multivalent Vaccine for Protection Against Brucellosis and Tuberculosis

Brucella abortus RB51 is a laboratory-derived mutant strain of B. abortus.  It is a live, attenuated, rough strain that lacks the O-polysaccharide side chain.  It results in no serological reaction on standard diagnostic tests.

RB51 stimulates the cell-mediated immune response (both the CD4+ and CD8+ T cells).  RB51 SOD, which over-expresses the superoxide dismutase antigen, provides better stimulation in mice than RB51, and so has potential as a multivalent vaccine that would not interfere with standard skin tests.

RB51 has been engineered to produce proteins (e.g. ESAT-6) from Mycobacterium species.  Mice vaccinated with RB51 SOD/ESAT-6 and then challenged with M. tuberculosis show significant reductions in bacilli recovered from the spleen and lungs.  This leads to the hypothesis that vaccination of cattle with RB51 SOD that is expressing these kinds of antigens might be effective in protecting against bovine tuberculosis.

This hypothesis has been tested using groups of cows injected with 1-3 x 1010 CFUs vaccine subcutaneously, with several boosts over one year.  To test for short-term protection, the cows were then challenged with live M. bovis in a BL3 isolation unit (a 1 x 106 CFU dose was administered by tonsilar inoculation).  The cows were sacrificed 120 days post-challenge.  All remained negative on TB skin tests (except for a group of positive controls).  Histology and bacteriology is pending. 

Dr. E. Thomas Thorne: Conflicts in Authority and Strategies to Address Wildlife Disease Issues (Verbal presentation only)

Wildlife disease issues inevitably involve numerous agencies with different perspectives, mandates and advocacy groups.  Unless well-managed, interagency conflict can lead to program failure.

The mix of Federal / State / private ownership means that responsibility for managing the problem is often complex.  For example, the problem with brucellosis in Greater Yellowstone National Park involves three states, 11 management agencies and two research agencies.  Some of these are disease oriented, but some are not.

In comparison with the Yellowstone brucellosis problem, the TB situation in Michigan involves:

· A Federal requirement that the State have a plan to address TB risk;

· A smaller geographic area, within a single state;

· Fewer agencies, without major involvement of a Federal land management agency;

· More private landowners, and more deer;

· Ongoing transmission to livestock (Cattle in Yellowstone are presently not involved);

· Greater public concern about risk to human health.

In Michigan, the multi-agency responsibility could be an advantage rather than an obstacle: the lack of a ‘lead’ agency requires that the key agencies cooperate.  Some questions to address for a management group might be:  Is there an equivalent in Michigan to the Greater Yellowstone Brucellosis Committee?  What would its goal, objectives and timeframe be?  How would its Memorandum of Understanding read? 

Dr. John Fischer: Assessment and Management of Disease Risks in Wildlife

Wildlife recreation is big business in the US–its economic importance is under-recognized.  In comparison with one million cattle ranchers and farmers nationally, about 13 million Americans hunt and about 82 million participate in wildlife-associated recreation.  Many agriculturalists are of course themselves hunters.  Agriculture as a whole represents 2.5 percent of GDP, compared with 1.1 percent of GDP for wildlife-associated recreation.

Numerous wildlife-livestock disease problems have begun to emerge in recent decades as wildlife populations rebound and human activities expand into wildlife habitats.  In general, wildlife are susceptible to the same disease agents as livestock.  Transmission is a ‘two-way street’ between the two groups, although wildlife, due to their natural dispersion, are typically less likely to maintain livestock disease.

Many disease problems in wildlife are associated with unnatural or artificial situations.  Management of these problems is often extremely challenging, because there are few proven strategies available and because many of the options are extremely expensive and/or politically unpopular to implement.

Wildlife vaccination is one strategy that has received increasing attention.  In general, it is most likely to succeed if the population is small and isolated.  An effective vaccine must be available (effectiveness may be contingent on multiple doses).  The delivery system must be capable of reaching a substantial proportion of the population.

Despite the promise of ‘technological fixes’, management of habitat (e.g. creating barriers to movement) and of human activity (e.g. restriction on feeding and trans-locating wildlife) may prove more efficient in the long run because of the difficulty and cost of managing disease in the wildlife population itself.

Key points:

· Prevention should be the number 1 priority;

· Disease control is complex and costly;

· The wildlife/livestock interface is the best place to tackle disease;

· Control programs should incorporate formal risk assessment;

· There are likely to be both technical and financial constraints on what can be done;

· Public opinion can block some technically-feasible options.

 

Dr. Michael J. Gilsdorf: USDA APHIS Perspective

The US Congress has mandated USDA, APHIS to eliminate TB from the nation, with the target for eradication originally set at 2003.  The eradication program has been implemented through a Federal/State/Industry partnership, and aims to achieve ‘TB Freedom’ in all states as per the OIE definition.  

The ‘Comprehensive Strategic Plan for Eradication of Bovine Tuberculosis’, which is an APHIS document, specifies activities relating to livestock management, wildlife management, surveillance activities, diagnostic test improvement, and other research.

In October 2003, there were 46 accredited-free states, three modified accredited advanced states, and one modified accredited state.  The latter four states have all, at one time or other, been accredited-free, and so all have ‘reverted’.

Nationally, 12 cattle/bison herds were found TB-affected during FY 2003–four were quarantined and eight were depopulated.  Cervid herds are managed separately from the bovids; the cervid program is newer and surveillance levels are not sufficient to be used to assign a disease status for each state.

The TB eradication effort had $15M line item funding in FY2003, plus a $50.7M carryover of Commodity Credit Corporation apportionments.  

Dr. Stephen M. Schmitt: A New Strategy to Control TB in Michigan Wildlife

Despite successful efforts to restrict feeding and baiting, and an approx. 40 percent reduction in the abundance of free-ranging deer through increased hunting pressure, TB is persisting in the deer herd at a 2-3 percent prevalence.  Cattle herds continue to become infected (at an average rate of seven herds per year for the past three years).

Further reduction in the overall deer population is being resisted by the hunting community, so the DNR is currently investigating the possibility of an intensified management approach to selectively remove infected individuals from the general deer population.  Although palatable to landowners and hunters, this approach would require that very significant technical and economic problems be overcome before it could succeed.

The DNR has therefore implemented a pilot trial to determine if deer can be live-trapped and blood-tested to determine infection status, so that test-positive individuals can be selectively culled.  Deer are being trapped in ‘Clover’ traps, blood is sampled, and then the deer fitted with a radio collar and released. The blood is tested at MSU and any positive individuals are tracked down and shot by USDA Wildlife Services staff.  Radio collars on the healthy deer fall off after several months and so can be retrieved and reused.

The initial phase of the trial, which begins in late winter 2004, aims to evaluate the technical and economic feasibility of each of these steps.  If successful, a subsequent second phase of the trial will evaluate whether the method is capable of measurably reducing TB prevalence in a localized deer population over a several year period. 

V.
Participant discussion and development of areas of consideration for successful eradication of bovine tuberculosis from Michigan.

The final session consisted of a discussion moderated by Dr. Ben Peyton of Michigan State University about experiences in management of bovine tuberculosis of the participants in their geographical areas which may help provide direction for Michigan.  Also discussed were potential advances in disease management resulting from emerging science.  The discussion was arranged around the following goals and objectives of the Michigan program:

1.
The basic elements of the livestock component of Michigan’s TB eradication program need to include the following:

a.
The program needs to maintain a viable livestock industry that can continue to market products.

b.
The short-term goal is to achieve bovine tuberculosis split-state status and the medium term goal is to return the State to accredited free status.

Current actions to these goals include farm and slaughterhouse surveillance in the infected, surveillance, and free areas, tuberculosis testing requirements and restrictions on livestock movement, and inclusion of privately owned cervidae in a comparable program.

2.
The basic elements of the wildlife component of Michigan’s TB eradication program need to include the following:

a.
The program needs to maintain a deer population that provides diverse recreational activities.

b.
The short-term goal is to reduce disease prevalence below detectable levels, with a goal of eradicating TB from free-ranging wildlife in Michigan.

Current actions to these goals include reduction of the deer population, enforcement of feeding and baiting restrictions, and disease surveillance in deer and other wildlife.

It was noted that success in eradicating Bovine TB in Michigan will require cooperation of responsible agencies both in response to new occurrences, or in a prolonged recurrent situation.  The disease in one population (livestock or wildlife) has an effect on the other.

The participants focused discussions on six predominant areas:  

· Tuberculosis identification and control in livestock, 

· Tuberculosis management in wildlife, 

· Disease transmission, 

· Vaccination, 

· Communications, and 

· Future Needs.

Discussion on Livestock Management

Overall Livestock Disease Management focus

The group identified that the major focus of the livestock segment of the current Michigan TB eradication program is detection of the disease on farms, and the prevention of transmission of the disease from cattle to other cattle.  Less emphasis has been placed on controlling the transmission risk from deer (or other wildlife sources) to livestock.  In other countries, the movement of the disease from the wildlife into the livestock populations is one of the confounding difficulties in controlling the disease.  Risk factors may be identified that could be used in identifying likely areas of disease introduction, and the use of control measures for these risks developed.  Potentially a “package” of risk factors could be identified for use in control measures.  This could be for risks from wildlife or livestock sources.  The recognition that other “wild card” factors may also be present (eg. disease in other species, multiple transmission methods, etc.) and confound livestock eradication efforts should also be kept in mind.  Over time, a change of the livestock industry in risk areas, wildlife population and movement factors, and other substantive changes may require that strategies need to be flexible and adaptable to ensure long-term success.  It would be important to routinely reevaluate details of the program to ensure its effectiveness.

Although fence barriers have been shown to be effective in preventing spread of direct contact diseases such as Foot and Mouth Disease and African Swine Fever, the concept of “barriers” in this instance may need to be looked at as “reducing” instead of “eliminating” risk.  The group considered that thirty infected farms with two re-infections is actually a low rate, and a modest increase in biosecurity may be all that is needed to prevent infection from occurring between livestock and wildlife sources.  More information is needed in this area, including comparing risk reduction in cases of fences that are less than a 100 percent to deer movement.  Physical barriers to infection may also be useful as a visual demonstration to the public that fighting the disease is a long-term prospect.

The fact that privately owned cervid herds in the high prevalence area have remained free of tuberculosis implies that physical barriers may be successful in reducing transmission.  Control measures that totally eliminate the risk of transmission are ideal, but consideration should be given to programs or protocols that decrease risk instead of total elimination.  These measures may be more cost-effective, and more acceptable.

Infected herd data

Michigan has experienced a limited number of infected herds, but not an insignificant amount.  In addition, recent herd infections have occurred in outlying areas (Emmet and Antrim Counties).  Intensive research on TB-infected farms could yield information that can be used to assist in eradication of the disease.  This research could yield the greatest benefit if it could occur while factors that contributed to the disease are still present.  Adding the research component early when responding to disease occurrences, or suspected occurrences, could be beneficial.  Herds that have experienced multiple outbreaks may be an ideal area for focus.  The potential for indirect sources of transmission has been demonstrated in other countries, and could be a major factor in Michigan.

Ownership of the disease

Critical to success is both industry and individual producer acceptance that they are both part of the problem and part of the solution, rather than a victim that needs to be compensated.  The group felt that the Michigan program may be less “producer-owned” than those overseas. Current policies and requirements of the Michigan tuberculosis program were discussed in the context of how they may ultimately increase or reduce livestock producer ownership of the disease problem.  Experiences in other countries suggest that eliminating all or a majority of the costs or effects of the presence of the disease on an industry may result in a less effective program.

The amount of burden assumed by public agencies and institutions, as opposed to livestock industries and producers, should be examined as to whether it encourages producers to make efforts to eliminate or simply “live-with” the disease.  It was suggested that farmers may not want to take difficult measures, or make difficult decisions for changes to eliminate or protect themselves from the disease, if the cost of the presence of the disease to them is not enough to stimulate action.  This could be critical if on-farm management changes are necessary to eliminate wildlife to livestock transmission.  Conversely, greater incentives may want to be considered for producers to place emphasis on eliminating risk factors on their farm.  Another effective mechanism for achieving success in this area may be through producer example, or peer pressure.

In the Canadian program, the presence of Canadian Parks (Wildlife Agency) personnel and support on farms seems to increase the producer support for the programs.  New Zealand has undertaken a deliberate strategy of reducing compensation to ensure that there was a disincentive for lax on-farm management of risks.  

Specific portions of the program were considered for evaluation in relation to whether they facilitate ownership of the program, or may hinder eradication efforts:

1.
Indemnity procedures–Does full indemnification eliminate some incentive for a producer to protect their herd from disease?

2.
Testing costs–How do producer assistance programs (getting paid to be tested), full payment for testing costs, provision of labor and equipment to handle animals, etc. affect whether a producer sees value in eliminating the disease?

3.
Involvement of producers in program development–How large a role could producers play in development and enforcement of a program?  The program in New Zealand is supported and run by a producer driven group separate from the government.

4.
Procedures for dealing with infected herds–Does a program where the government absorbs the costs for infected and quarantined animals demonstrate that eliminating and preventing the disease is necessary, or that it is just an inconvenience?

Response and protocols in infected herds

The current and historic responses to the presence of tuberculosis in livestock herds were discussed, with a large amount of the discussion focused on the value of test-and-removal programs versus depopulation.  The decision on depopulation seems to be based upon the herd owner’s values and herd type as primary factors.  Depopulation decisions may want to consider the risk of re-infection:  is it an acute vs. chronic infection, what factors are present on the farm that may promote spread of disease or re-infection.  The benefit to the program of depopulating herds that are at high risk for re-infection may be limited, and there may need to be direction from the state or federal side on how often a herd may be repopulated; 3, 4, 5 times?  Additionally, the down-time period is meant to be used to address risk factors on the farm, and this may only currently be used to address risk of transmission from a previous to a future herd through soil contamination.  This period could be used to address all risk factors.

Other potential response protocols were discussed, with the issue of preventing re-infection on a farm identified as important to the success and acceptance of a program.  Consideration given to evaluating the probable source of infection to a farm, and ensuring that the factors are eliminated or mitigated, was discussed as a next step in a program.  New occurrences of farm infections in previously unaffected areas may point to areas of increased risk, or that could receive more intensive surveillance.  Farms identified as potentially infected from wildlife sources may be considered for experimental or research activities, especially herds that have been re-infected.

Re-infected herds pose not only a disease risk, but could also pose a credibility risk to the program.  Any infected herd that is identified as having a potential wildlife infection source should be considered for mandatory risk elimination procedures to prevent re-infection.  Policies that include long-term movement restrictions, permanent depopulation, or restrictions on herd type (i.e., feedlot with direct movement to slaughter only) were discussed as options.  The group was in agreement that eliminating the risk of infection from wildlife was important in dealing with infected or re-infected herds.  Without this, the success of preventing re-infection in the face of a wildlife reservoir is questionable.  

Testing Protocols

Isolated herd infections, or the identification of disease in a livestock herd in a previously “TB free” area could be utilized to focus intensive surveillance efforts.  In some instances, livestock herds may serve as “sentinels” of infection in wildlife.  The experience in the United Kingdom implies that testing widely and frequently around seemingly isolated herd infections is appropriate to detect new areas of disease entrenchment.  

The current testing protocol seems to be focused on “walling off” the infected area of the state.  If the current rate of discovering infected herds (finding seven new herds each year in the infected zone), continues, this strategy may not be able to sustain a viable industry in the infected area.  The current testing interval between whole herd testing, and a requirement for an additional individual animal test for movement (six months), has been modeled overseas and could be reasonable with cattle-to-cattle transmission.  This interval may not provide the appropriate assurances if the expected mode of infection is from a wildlife source.  There may be consideration given to different usages or interpretations of tests in areas of new infection, or in highly infected areas.  This may include, for instance, using different interpretations of gamma interferon tests, running tests in a side-by-side format, or encouraging or mandating laboratory analysis of animals in earlier stages of the testing process.  This may also apply to using different test ages for whole herd tests, or differing test intervals in separate areas of the state, or within potential zoned areas.

Discussion on Wildlife Management

Surveillance in Wildlife

Michigan has completed a large amount of surveillance for this disease in the free-ranging deer population.  The group identified that the current surveillance program is focused heavily on hunter-harvested deer, with emphasis on collecting samples from areas already known to be infected with the disease.  This method was realized to create inherent biases in age and gender selection, but may be a necessary trade-off to obtain the sample quantity desired by the program.  The different roles of surveillance (active vs. passive) in infected and free areas, as well as the different use of tests in separate areas may warrant investigation.  A known area of infection that is being monitored for changes in disease status may benefit from a consistent surveillance program of nominal sample size, while surveillance to identify new areas of infection rapidly may require proportionally larger sample size, or alternate selection criteria.  Is the correct balance of effort being placed into monitoring trends in the core area as opposed to detection of infection in previously unknown areas of infection in the fringe?  The optimal sampling strategy for one situation may be different than the other. 

The usage of multiple tests on the same sample has been used in other disease programs to ensure an accurate positive or negative diagnosis.  Intensive testing around known risk areas, such as infected farms in outlying areas may be beneficial.  This has been recognized as important in other countries to detect new areas of infection (the concept of livestock as “sentinels” of disease).  The best sentinels for infection in wild deer appear to be cattle (in Michigan) and bison (in Wood Buffalo National Park).  Felids have been shown to be “pathogen filters” in other countries due to their contact with numerous animals and carcasses, and may have a role in surveillance.  Potentially other wildlife species may be considered to be used as sentinels for new areas of infection, or to provide evidence that an area is free of disease.

Habitat Management

Discussions on the usage of habitat management strategies, to replace the historic practice of supplemental feeding, presented an interesting dilemma.  Should the aim be to enhance the carrying capacity of the area in which you are attempting to reduce the population, or should the habitat be managed for reduced habitat quality that would help maintain a low overall population?  At present the goal is to maintain the population at the habitat’s carrying capacity for a bad winter.  Is there a contradiction to encourage liberal deer harvest and habitat improvement at the same time?  This strategy may need to be continued, though, as it was sold to the public as a way to maintain populations during the winter, but may need to be reconsidered if the disease prevalence remains consistent, or gets worse.  May this type of approach also be applicable in other areas of Michigan in which hunters could push to maintain or regain baiting and feeding practices?

The group suggested that it will be critical that deer population management objectives remain consistent for the long-term, with a commitment to stick with them as opposed to constantly changing them.

Michigan’s “Test and Removal Pilot Program”

Discussion of the new test and removal strategy being examined in Michigan was noted to be an example of innovative thinking that may be needed to solve the problem.  The strategy will most likely require modification to fit changes in the status of the disease in the wild.  If portions of the program are successful, it may be a way to provide vaccine delivery to at risk populations, if effective vaccines and vaccination strategies are developed.  The participants discussed that attempting to cull within family groups may be beneficial, and drop nets could be a way to catch groups.  This may lead to better information on within-family transmission.  There may also be benefit to considering utilization of a control group of animals from a different area of the state.

The importance of developing a reliable test with good predictive value of identifying whether or not a captured animal was infected was discussed, and a priority for success would be to get multiple tests up and running.  The stress of capture as it relates to the viability of cell-mediated tests is important to consider.

Overall, caution may be in order in promotion of this strategy, so that it is not seen as a “silver bullet” on the horizon which lessens support for the current control measures.

Disease Eradication Program

Discussion of activities to eradicate bovine tuberculosis from the wild white-tailed deer population focused on continued reduction of the deer population in the high-risk areas, and enforcement of baiting/feeding restrictions.  The importance of being proactive in stopping disease establishment in an area, as opposed to trying to eliminate it once it occurs was emphasized.  In addition, new strategies may need to be developed to continue eradication efforts if current activities are successful.  Targeted depopulation of TB “hot spots” may need to be considered, as it could be more achievable than striving for further increases in overall hunting pressure.  Keeping downwards pressure on the deer population, at a minimum to keep it from rebounding, and ideally to drive the population lower, will require development of innovative ways to gain and maintain public support.

Baiting and feeding restrictions were discussed, with reemphasis on the importance of having a long-term plan in place.  New Zealand evidence suggests that the respiratory route is a less significant method of TB transmission in red deer than it is in cattle.  The most logical explanation for lesion distribution in Michigan deer is by bait or feed exposure, followed by oro-pharyngeal involvement.  This would indicate the importance of eliminating this method of potential exposure.  Continued use of baiting and feeding outside the TB core region could set up a situation that is most likely to have risk from the disease, and management protocols that allow the disease to become established.  On a statewide basis, deer densities may be an indicator of the most important areas for implementation of baiting/feeding restrictions.  Inadvertent baiting or feeding of wild deer by farmers is a potential method that should merit attention.

Discussion on Vaccination

Vaccination has been used extensively in human populations around the world.  The only viable vaccine available at this time is the BCG vaccine.  The consensus of the group was that vaccination in cattle would most likely not be an option.  In disease control programs, when a low prevalence of a disease is reached, that is usually the time that you would eliminate the use of vaccine.  The tuberculosis situation in Michigan livestock is in this low prevalence status.

Vaccination could lead to producers and the public seeing a magic “silver bullet” that would move focus from core eradication methods, or could falsely raise the expectations of the public.  It may potentially be an option for deer if it can be targeted at younger animals, but it may be difficult to identify when to stop a vaccination program or identify when you are done.  The use of this vaccine in a mobile population that is harvested for consumption could require much research and discussion prior to regulatory approval, and if it is viewed as a potential tool, dialogue should begin immediately.  Authorities in Kruger National Refuge will begin a vaccination program in cape buffalo, as this is the only option available to try and control the disease.  This program may yield some additional information of the value of vaccine usage in tuberculosis control.

The consensus of the group was that the usage of vaccine in the Michigan program was most likely “still a long way off”.

Discussion on Communications

The group discussed communications needs and difficulties in relation to the continued presence of the disease in livestock and wildlife.  An important aspect to success will be to get out the message that there will be no “quick fix” to Michigan’s tuberculosis problem, and both agriculture and wildlife groups will be in it for the “long haul ”.  At the same time the need for patience will need to be conveyed to the public, and this may factor into the relative effectiveness of long-term strategies to eliminate feeding and baiting statewide.  The difficulty in maintaining a lowered deer population in infected areas long-term may lead to a communications need in this area in the future.  There will need to be emphasis on a long-term commitment to population limits in the deer herd, and this may require innovative methods of gaining public support.

Effective communications strategies may require that there are incremental ways to measure success that can be used to continue program momentum over the long term.  Obtaining split-state status may require a strategy to ensure that out-state political support for the program is not eroded, and to gain support and acceptance from trading partners in other states.  It was noted that there may currently be a lack of acceptance of the Michigan program by other states.  This could be led by a lack of knowledge of the Michigan program, which is similar to what has occurred in the Greater Yellowstone Area with Brucellosis, and in Riding Mountain National Park with TB.  Will states accept that freedom from disease in cattle is enough, if there is persistent infection in wildlife?  Nationally, there may also be increasing concern if Michigan does not progress in eradicating tuberculosis, potentially with increased focus on assessing the next three years.

Enhanced communications with land owners and hunters as to the seriousness of bovine tuberculosis to wildlife populations may be difficult due to the polarization that has occurred in the TB issue.  There may be disconnect between what hunters perceive as costs and benefits, and they may not recognize wildlife health as a benefit.  This may be an area of future communications focus.   

Future Needs

Discussion on potential future needs of the program resulted in the final summary points of the meeting.

· The eradication program seems to have been based upon identifying the disease, and less on eliminating the risk of infection.  The priorities of the program may be forced to place more emphasis on eradication and prevention activities, and less resources placed into surveillance.  Messages to farmers may be “there are practical steps you can take to prevent your herd from being infected”, while policymakers find ways to provide incentives that will motivate them to help themselves.  There may be a need to create the message that dealing with this disease, especially in a wild population, is a long-term proposal and placing a priority on protecting cattle herds from infection requires more focus.  

· Success in reducing and eliminating the disease in the wild deer population will require innovation; creation of innovative ways to continue reducing the deer population and innovative ways to create public support for this measure.  Any rebound in the population levels could quickly eliminate any gains that have been made.  The proposed “test and removal” program in the deer population is a new way to try and reduce the infection, and a way to measure the potential success of this program on reducing the disease prevalence will need to be developed.  Even a patchwork of population reduction strategies may spread deer out, and reduce overall densities. Measuring this may require that more intensive focal surveillance strategies, such as routine culture of non-lesioned animals during necropsies, could be considered.

· Michigan may need to develop a way to define what “success” in the program would look like, and what ways will be used to measure whether success is being achieved.  The overall effect of “success” in the program may be different depending upon how trading partners may react to freedom of infection in cattle if the disease is still present in the adjacent wild deer population.  Are the trading partners (current and future) adequately informed about the efforts being made in Michigan, and some of the obstacles that are still to be overcome?  Time spent in reassessing whether the proposed borders for a “split-state status” for cattle may be worth the investment, although this may lead to loss of public credibility.  There may also be a need to utilize more resources to defend the program, as obtaining this status may lead to a lessening of political support for the program in unaffected areas of the state.

· There will be a need for future research, not only in traditional areas such as disease transmission, but also in the human dimensions.  How to develop a long-term policy in the face of potential hunter apathy, how to obtain and maintain public support, and developing effective communication strategies are some of the future obstacles.  How can you convince hunters who own property in the problem area, and who are consequently “stuck” hunting there, that there really is a problem with having tuberculosis in the deer population?  Can you get them to accept that a modest reduction in deer numbers causes a much greater proportional decrease in deer visibility, or will they continue to believe that the deer population has already been “wiped out”?  

· The issue of vaccination and its potential application to wildlife or livestock programs, and obstacles that may need to be overcome will most likely be areas of future discussion.  In addition, what are the appropriate testing protocols to be used to ensure the safety of livestock, given that the presence of the disease in a wild population has not previously been an issue in the national program?  Emphasis may likely need to be placed on the area of deer/deer and deer/livestock transmission methods in order to develop protocols to eliminate this risk.

An overall take-home message of the meeting was that, despite all the problems, Michigan has advantages over the other countries that are also fighting wildlife tuberculosis.  Unlike New Zealand, which has 33 percent of its land area infected, tuberculosis infected wildlife populations are concentrated in a relatively small part of the state.  Michigan’s infected area is not expanding rapidly, unlike all the other countries–particularly in Kruger National Park.  And unlike badgers in Ireland and England, and several of the iconic wildlife species in Africa, Michigan’s wildlife reservoir species are an intensively hunted species with population numbers that can be more or less reliably managed by adjusting hunting pressure.  This said, Michigan could be at a juncture where success may be achieved, or lost, depending upon what occurs in the near future. 
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