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Preface

Transboundary animal diseases (TADs) are highly contagious or transmissible, have the potential to spread very rapidly irrespective of national borders, and cause high morbidity and mortality in susceptible animal populations. It has become clear that TADs seriously threaten world food security and can severely affect national economies. Therefore, the development and availability of effective vaccines and diagnostic tools is essential to control TADs.

In 2002, a meeting titled ‘Vaccines for OIE List A and Emerging Animal Diseases’ was organized by Iowa State University and held in Ames, Iowa. The following year a book with the same title was published by Karger. Then in 2005, a complementary meeting titled ‘Marker Vaccines and Differential Diagnostic Tests in Disease Control and Eradication’ was held in Ames.

Since these earlier meetings a number of advances have been made in the development of vaccines and diagnostic tools to control important TADs. An interdisciplinary group of approximately 180 scientists from academia, industry and government met from September 17-19, 2012 in Ames, Iowa for a workshop entitled ‘Vaccines and Diagnostics for Transboundary Animal Diseases’. The workshop was sponsored by the US Department of Homeland Security, Science and Technology Directorate, as well as the Center of Excellence for Emerging and Zoonotic Animal Diseases (CEEZAD; www.ceezad.org/) at Kansas State University, and three other organizations-the Center for Food Security and Public Health at Iowa State University (www.cfsph.iastate.edu), the World Organization for Animal Health (OIE; www.oie.int), and the International Alliance for Biological Standardization (IABS; www.iabs.org).

The primary objective of the recent workshop was to discuss ‘State of the Art’ measures that the Department of Homeland Security (and it's Centers of Excellence) and the USDA can take to better position themselves to serve US and international needs related to vaccine and diagnostic tool development for significant transboundary diseases. The workshop goals included sharing progress on cutting-edge research to help inform the decision making process; presenting academic scientists with tools to help them work on translational research; enabling government officials from each agency working in this area to convey their roles and responsibilities to a broad audience; and bringing together scientists from academia, industry and government in order to stimulate cross-talk.

The papers in this publication address the roles and responsibilities of government agencies, the challenges that the biologics industry faces, and progress on the development of vaccines and diagnostics for 11 diseases. The diseases include: highly pathogenic avian influenza; exotic Newcastle disease; foot and mouth disease; Rift Valley fever; Nipah and Hendra virus; African swine fever; classical swine fever; heartwater; Q fever, Ebola, and Schmallenberg virus.

It is our hope that this publication will serve as a useful resource for researchers, government officials and industry scientists who are working to develop effective control tools for these important transboundary animal diseases.

J.A. Roth, J.A. Richt, I.A. Morozov
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The Role of the Department of Homeland Security, Science and Technology Directorate in the Development of Vaccines and Diagnostics for Transboundary Animal Diseases
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Abstract: The development of countermeasures to support an effective response to Transboundary Animal Diseases (TAD) poses a challenge on a global scale and necessitates the coordinated involvement of scientists from government, industry and academia, as well as regulatory entities. The Agricultural Defense Branch under the Chemical and Biological Defense Division (CBD) of the Department of Homeland Security (DHS), Science and Technology Directorate (S&T) supports this important mission within the United States. This article provides an overview of the Agricultural Defense Branch's vaccine and diagnostic TAD project.

INTRODUCTION

The Food and Agriculture Organization (FAO) of the United Nations defines Transboundary Animal Diseases (TAD) as “those epidemic diseases which are highly contagious or transmissible and have the potential for very rapid spread, irrespective of national borders, causing serious socio-economic and possible public health consequences” [1]. As a result of the potential impact of these diseases on the critical agricultural infrastructure of the United States, and in the case of zoonotic diseases, the potential for disease events that involve a major public health component, US federal agencies prioritize the development of countermeasures (vaccines and diagnostics) for use against them.

Recent examples of TAD epizootics underscore their tremendous potential for societal disruption:

• In 1998-1999, the Nipah virus outbreak in Malaysia in swine and pig workers impacted 60% of the country's pig farms, and was contained after 35 weeks of control efforts, which involved the depopulation of over 1 million swine and a loss of US$ 120 million in exports [2].

• In 2001, as a result of the foot-and-mouth disease (FMD) outbreak in the United Kingdom, more than 6 million livestock were culled, with an estimated economic impact of US$ 10.7 to US$ 11.7 billion [3].

• In 2003, severe acute respiratory syndrome (SARS) began in a live animal market in Guangdong Province, China and caused global disruption. Although there were only 8,096 reported human cases, the disease spread to 30 countries and its economic impact was estimated at US$ 8 billion [4].

• In the US, public reaction stemming from media coverage of the 2009 H1N1 influenza outbreak (formerly referred to as “swine flu”) was determined to have resulted in a loss of approximately US$ 156 million in revenue for lean hogs alone [5].

Unfortunately, these emerging disease incidents occur with some regularity and present credible threats to Europe, North America and beyond. In May 2012, the FAO announced that a FMD virus (FMDV) SAT2 strain was detected in the Gaza Strip, demonstrating the further regional progression of a strain that, earlier in the year, occurred in Libya and Egypt [6]. In August 2012, the FAO issued a similar warning when African swine fever (ASF) was first detected in the Ukraine; this disease is now considered enzootic in regions of the Russian Federation where it had caused an estimated US$ 240 million in economic losses in 2011 [7].

The development of countermeasures to support an effective response to TADs poses a challenge on a global scale, and necessitates the coordinated involvement of scientists from government, industry, and academia, as well as regulatory entities. Within the United States, this important mission is supported by the Agricultural Defense Branch of the Chemical and Biological Defense Division (CBD) in the Department of Homeland Security (DHS), Science and Technology Directorate's (S&T) Homeland Security Advanced Research Projects Agency (HSARPA). This article provides an overview of the DHS S&T Ag Defense Branch vaccine and diagnostic TAD project.

BACKGROUND

Among US Federal Government entities, authority for defending agriculture against the threat of TADs is a shared, interagency objective. As established by the Homeland Security Act of 2002 (6 USC 101), the Secretary of DHS possesses overarching authority for federal emergency response, and is responsible for coordinating interagency emergency planning (6 USC 112) in order to ensure the effectiveness of emergency response activities (6 USC 134) [8]. The US Department of Agriculture (USDA) Secretary is authorized to respond to the presence of a threat to US livestock, and may declare an extraordinary emergency, allowing remedial actions necessary to mitigate the threat (7 USC 8306) [9]. The interrelationship of these authorities is addressed in Homeland Security Presidential Directive-7 (HSPD-7): Critical Infrastructure Identification, Prioritization, and Protection, as (1) the Secretary of DHS, is designated as the principal federal official to “lead, coordinate and integrate implementation” of efforts to protect critical infrastructure, and (2) the USDA, is designated as the Sector-Specific Agency for agriculture and food [10].

The Under Secretary for S&T possesses primary responsibility for (1) developing a national policy and strategic plan for coordinating Federal efforts for biological countermeasure development for use against emerging terrorist threats, (2) conducting research and development test and evaluation (RDT&E) relevant to DHS, and (3) “establishing priorities for, directing, funding and conducting national research, development, testing and evaluation and procurement of technology and systems” to enable detection, prevention, protection against and the response to terrorist attacks (6USC182). Similarly, S&T supports TAD countermeasure efforts for RDT&E, in accordance with Homeland Security Presidential Directive-9 (HSPD-9): Defense of US Agriculture and Food, requirements for interagency efforts to “accelerate and expand development of current and new countermeasures against the intentional introduction or natural occurrence of catastrophic animal diseases,” and the associated requirement for USDA to establish a “National Veterinary Stockpile (NVS) containing sufficient amounts of animal vaccine, antiviral, or therapeutic products to appropriately respond to the most damaging animal diseases affecting the economy and that will be capable of deployment within 24 hours of an outbreak.” Decisions regarding utilization and distribution of such countermeasures as part of outbreak-associated activities are the domain of USDA's Animal and Plant Health Inspection Service (APHIS) Veterinary Services (VS) [11].

S&T's mission, to “strengthen America's security and resiliency by providing knowledge products and innovative technology solutions for the Homeland Security Enterprise,” is articulated in the Directorate's Strategic Plan [12]. As part of this Strategy, S&T articulates strategic goals to further define its operational priorities. Elements of these goals, rapid delivery of innovative solutions, acquisition of needed technologies, strengthening of first responder capabilities to respond to disasters, catalyzing scientific discoveries and inventions relevant to homeland security challenge, encompass the TAD countermeasure development mission space. Within S&T, CBD focuses on protecting the Nation's infrastructure from chemical, biological, and agricultural threats and disasters. The Agricultural Defense Branch executes the CBD mission, by enhancing current capabilities and developing state-of-the-art countermeasures for high-priority TADs. This includes research and development for vaccines and diagnostics, in coordination with internal and external stakeholders.

In 2004-2005, DHS S&T and USDA first defined a joint strategy for TAD research programs, with an initial focus on foot-and-mouth disease (FMD). This activity defined the pathway for interagency collaboration in RDT&E, establishing a countermeasure candidate pipeline where promising candidates, emerging from USDA Agricultural Research Service (ARS) or academia, are selected by S&T for transition to targeted advanced development. These candidates then proceed through development activities associated with regulatory and manufacturing requirements, until such time that they are mature enough for transition to industry for full development and licensing, and are then available for acquisition by the USDA National Veterinary Stockpile (NVS). This strategic approach accounts for agency authorities, and builds upon their respective roles and strengths.

PRIORITY SETTING

HSPD-9 calls for the Secretary of DHS to lead the effort to “accelerate and expand development of current and new countermeasures against the intentional introduction or natural occurrence of catastrophic animal, plant and zoonotic diseases.” These efforts, and their prioritization, are to be conducted in coordination with USDA and other interagency partners in consultation with the White House Office of Science and Technology Policy (OSTP). A component of OSTP, the National Science and Technology Council (NSTC), coordinates science and technology policy across the federal research and development enterprise. The Under Secretary for S&T serves as a co-chair for the NSTC Committee on Homeland and National Security (CHNS). This committee advises and assists the NSTC to increase the effectiveness and productivity of Federal R&D efforts in science and technology, as related to homeland and National security. The CHNS has several functions: facilitates planning, coordination, and communication among Federal departments and agencies involved in homeland or National security R&D; helps identify, define and advise the NSTC on Federal priorities and plans for homeland or National security R&D, and recommends policy options for Federal priorities; reviews and advises on Federal policy and programs that affect international efforts related to homeland or National security R&D; addresses technical programmatic and operational issues; identifies and recommends Federal priorities in National security, intelligence, and homeland security R&D, and develops options for Federal R&D budget crosscuts; and coordinates with other NSTC committees.

Since 2005, S&T has co-chaired the NSTC CHNS Foreign Animal Disease Threats Interagency Working Group (FADT IWG)1 with USDA's ARS. Other members of the subcommittee include USDA APHIS, the Department of Health and Human Services (HHS), the Department of Defense (DoD), the Environmental Protection Agency (EPA), the National Science Foundation (NSF), the Department of the Interior (DOI), and the Smithsonian Institute. The FADT IWG coordinates interagency research programs in veterinary countermeasures; modeling; decontamination, disposal and depopulation; and basic research. In 2007, the FADT IWG established a Veterinary Countermeasures Sub-working Group to coordinate interagency research and development related to countermeasures for the National Veterinary Stockpile (NVS) in coordination with the National Veterinary Stockpile Strategic Steering Committee (NVSSSC). Specific functions of the working group include: identifying research needed to advance the development of priority countermeasures for surveillance, diagnosis, vaccination, and treatment; prioritizing the research required to develop new or improved targeted tools for each of the priority diseases identified for the NVS; reviewing new technologies and assessing their value for the future development of countermeasures to control and eradicate priority TADs; identifying government agencies to implement research projects, including strategic research collaborations and critical linkages with public, not for profit and private research organizations; identifying suitable biopharmaceutical industry partners within and outside the US; and defining and recommending short-and medium-term research plans, including milestones, deliverables and estimated costs to develop countermeasures that are fit for purpose.

The mission of developing countermeasures for use against TADs involves coordination of programmatic efforts among various elements of S&T. As described previously, the Agricultural Defense Branch, a component of CBD, is primarily responsible for funding and coordinating TAD countermeasure development within S&T. CBD is a component of the DHS Homeland Security Advanced Research Projects Agency (HSARPA), which supports homeland security research to promote changes in technologies; advance development, testing and evaluation, and deployment of technologies; and accelerate prototyping of technologies to address critical vulnerabilities. To accomplish this, HSARPA manages programs for developing homeland security technology, often partnering with elements of the DHS Office of Research and Development Partnerships. In addition to external investments, the Agricultural Defense Branch funds research within the S&T Office of National Laboratories Plum Island Animal Disease Center (PIADC) and through the Office of University Programs Homeland Security Centers of Excellence (COEs). Scientists at PIADC support a number of TAD vaccine and diagnostic R&D programs. The DHS COEs - the National Center for Foreign Animal and Zoonotic Disease Defense (FAZD Center), led by Texas A&M University, and the Center of Excellence for Emerging and Zoonotic Animal Diseases (CEEZAD), led by Kansas State University - leverage an extensive network of academic and industry experts in conducting novel research and education activities that develop potential technologies for DHS and partners to target for advanced development.

PROGRAM MANAGEMENT

Within S&T, an Integrated Product Team (IPT) process is used to guide investments and ensure that funded projects develop capabilities that meet operational needs; analyze gaps in strategic needs and capabilities; determine operational requirements; develop programs and projects to close capability gaps and expand mission competencies. The Agricultural Defense Branch, in conjunction with the DHS Offices of Health Affairs and Infrastructure Protection, chairs the Food and Agriculture Sub-IPT. This Sub-IPT includes members from within DHS Components (including Customs and Border Protection) as well as members from other Federal agencies whose mission includes agricultural defense. The mission of the Food and Agriculture Sub-IPT is to prioritize capability gaps and recommend S&T investments that increase preparedness against agricultural threats through similar measures. Topics considered within the Food and Agriculture Defense mission space include threats to animal health, the use of food as a vehicle for chemical and biological threats, and the protection of the food and agriculture critical infrastructures.

Under the Sub-IPT, Project IPTs are established to integrate input, analysis, and decision making from a variety of perspectives and constituencies; in particular, customers, stakeholders, and users who are vital to the successful transition of products and knowledge from S&T to the ultimate end users. To support TAD countermeasure development, there are two Project IPTs subordinate to the Food and Agricultural Defense Sub-IPT: the Foreign Animal Disease (FAD) Vaccines and Diagnostics Project IPT and the Agricultural Screening Tools Project IPT. These Project IPTs provide a mechanism to review critical research gaps identified by stakeholders, the progress made by (or known to) all participating agencies to date, and to develop a plan to address the highest priority gaps through interagency partnerships. Further, the Project IPTs provide an enduring capability for TAD countermeasure advanced development by employing a gated decision-making process with clearly defined transition endpoints for individual products.

The FAD Vaccines and Diagnostics Project IPT addresses the need for the development of effective veterinary countermeasures against high-priority TADs, in partnership with USDA and industry. It serves as a coordinating body to steer S&T strategic investments in RDT&E targeted to address these capability gaps. The projects administered by this IPT fall within three broad categories: FMD vaccines, countermeasures for other TADs, and companion diagnostics for each vaccine allowing the differentiation of infected from vaccinated animals (DIVA). RDT&E of countermeasures for FMD are the highest priority for S&T, given the highly infectious nature of the virus and its potential to infect multiple livestock species of economic importance in the United States. In addition, the DHS owned and operated PIADC is the only facility within the US that is capable of conducting research with FMD. Research in this area began in 2005, with near term efforts focused on studies to perform enhanced characterization of the efficacy of vaccine antigen (housed within the North American FMD Vaccine Bank), and similar studies involving commercial FMD vaccines. Mid-term efforts involved enhanced characterization and the issuance of import permit licenses for sale and distribution for commercial off-the-shelf vaccines and diagnostics produced outside of the US Long-term efforts include the development of new serotype and subtype specific, marked, molecular vaccines that do not require the use of live FMD virus. S&T maintains a robust pipeline of these vaccine candidates and is aggressively pursuing a development schedule designed to advance them through an established late-stage development and USDA regulatory pathway.

In addition to FMD, the FAD Vaccines and Diagnostics Project IPT maintains programs intended to develop countermeasures for other high-consequence TADs. Targets are prioritized pathogens, as identified by USDA APHIS and the NVSSSC, and through interagency working groups, e.g. the FADT. This Project IPT portfolio includes near-, mid- and long-term projects for swine (classical swine fever and African swine fever) and zoonotic (Rift Valley fever and Henipavirus) targets.

Lastly, as part of the FAD Vaccines and Diagnostics Project IPT, S&T is pursuing a parallel diagnostic development program to ensure that complementary diagnostic technologies are available to maximize the value of the DIVA-friendly aspects of the molecular FMD vaccines. These efforts are intended to minimize the potential for trade restrictions associated with the use of these novel vaccines. Efforts also include the development of next-generation, high-throughput serology and molecular-based technologies for use in surge situations by the National Animal Health Laboratory Network (NAHLN).

In a manner similar to that of the FAD Vaccines and Diagnostics Project IPT, the Agricultural Screening Tools (AST) Project IPT guides the development of standardized protocols and technologies for use by the National Animal Health Laboratory Network (NAHLN) and the livestock industry. The objective of the AST Project is to provide rapid detection and field identification of high-priority pathogens that threaten US livestock. In addition to laboratories, these tests may be used at border labs and inspection houses, animal collection points, and other environments such as farms, by multiple government agencies to detect high-priority TADs during outbreaks affecting the US agriculture critical infrastructure. This project leverages interagency translational discovery research and diagnostic development conducted by USDA ARS and APHIS. Placement of diagnostic testing capabilities closer to sites of animal production and importation (or entry into the country) will enhance the National capability to detect, respond to and recover from an outbreak of TADs in the agriculture sector.

First successes

As part of the objectives of the FAD Vaccines and Diagnostics Project IPT, S&T successfully facilitated access to FMD vaccines manufactured overseas through a relationship with Transboundary Animal Biologics, Inc. (TABI), a not-for-profit company based in Ames, Iowa. Established in 2008, TABI was funded by S&T to secure USDA licenses/permits for TAD vaccines and diagnostics. Through this mechanism, in July 2011, an import permit was granted for Bioaftogen®, a quadravalent FMD vaccine manufactured by Biogénesis - Bagó, a veterinary vaccine manufacturer in Argentina. This vaccine covers FMD serotypes often found in South America (A24 Cruzeiro, A2001 Argentina, C3 Indaial, and O1 Campos) and is to be used only under the direction of USDA.

As described earlier, S&T has invested in RDT&E efforts to advance the application of novel vaccine technologies for use as FMD countermeasures. In May 2012, USDA issued a conditional license for FMD Virus Vaccine, Serotype A24, Live Adenovirus Vector (AdA24) a molecular vaccine developed by S&T through a public-private partnership that also included USDA and industry. As opposed to traditional inactivated vaccines, this molecular product is derived from a replication deficient viral vector, offers rapid, serotype-specific protection, is DIVA (differentiates in infected from vaccinated animals) compatible, only contains a piece of the FMD viral genome, and may be produced domestically. This achievement resulted from collaboration with the vaccine industry and veterinary vaccine regulatory authority (USDA Center for Veterinary Biologics) and is the culmination of over ten years of effort. It is recognized as the first successful FMD vaccine technology developed into a commercial product in over fifty years.

Ongoing and future activities

S&T collaborates with USDA and extramural partners, including DHS COE, National Labs, and industry, to identify promising candidates and leverage complementary assets. Through these partnerships, S&T is able to continuously draw from exploratory technology investment products for advanced development. For example, based on the initial success of the AdA24 FMD molecular vaccine, the PIADC Targeted Advanced Development Branch, working collaboratively with USDA and an industry partner, has built a pipeline of AdFMD vaccine candidates for other high-priority FMDV serotypes/subtypes. Candidates that pass an efficacy threshold are transitioned to the master seed phase for subsequent development studies associated with regulatory licensing requirements. Molecular re-engineering of candidates that fail initial efficacy testing is being conducted to improve vaccine potency. In parallel, AdFMD manufacturing process improvement studies are being performed to reduce vaccine cost of goods. Investments in and initial testing of additional promising molecular-based vaccine platforms for FMD, such as recombinant, subunit antigen production (baculovirus, E. coli, tobacco plants) and DNA vaccines, are ongoing. For high-priority swine TADs, S&T has invested in USDA ARS rationally designed live, attenuated virus approaches that apply reverse genetics to identify vaccine candidates for classical swine fever (CSF) and ASF. Additional ASF collaborative projects with the FAZD COE and Texas A&M University are focused on the identification of lead vaccine candidates based on reverse vaccinology, bioinformatics technology, and the development of a multi-component vaccine. For zoonotic TADs, S&T is funding Rift Valley fever vaccine and diagnostic efforts with other government agencies (USDA, DoD), and has identified two lead vaccine candidates for Henipavirus that may guide future strategic partnerships with industry.

Working with the Department of Homeland Security

S&T issues open, competitive solicitations seeking expertise, within the US and globally, to find solutions for addressing the most pressing challenges in homeland security. Partnerships are sought to address capability gaps in a number of areas, including TAD countermeasure development. DHS utilizes a variety of funding strategies to administer awards, selecting the method of partnership based on the stage and progress of the research or technology in development. There are several vehicles through which interested parties may work with S&T: contracts, grants and cooperative agreements, and cooperative research and development agreements (CRADAs).

A Federal contract is defined as an agreement between the Federal Government and any person for the exchange of real or personal property or services. Contracts are utilized as an enabler of the systems acquisition management environment, which includes structuring programs to account for research and development, test and evaluation, production, deployment, operations support, and disposal. In doing so, DHS determines the type of contract most appropriate to achieve the desired capability or development goal. S&T executes contracts to perform mission critical research and development activities:

• The Long Range Broad Agency Announcement (LRBAA) is used to seek R&D projects for revolutionary, evolving, and maturing technologies that demonstrate the potential for significant improvement in homeland security missions and operations. As part of the 2012 LRBAA, the Agricultural Defense Branch solicited proposals for new, cost-effective, biological-based countermeasures for TAD pathogens affecting major domestic livestock species. Specific areas of interest are cattle and swine product candidates based on molecular vaccine platforms previously shown to be safe and effective against other infectious or human biodefense disease targets, and novel biological-derived agents with an established immune-based mechanism of action.

• DHS issues competitive solicitations through the Federal Business Opportunities (Fed Biz Ops) website (https://www.fbo.gov/).

Federal grants and cooperative agreements are financial assistance awards that aid recipient(s) in carrying out activities of public purpose. DHS utilizes grants and cooperative agreements to support preparation, prevention, and response activities of state, local, and tribal communities and to support research and education focused on addressing homeland security challenges. As the research arm of the Department, S&T utilizes research and education grants and cooperative agreements to encourage innovation and facilitate early-stage technology development. The Federal Grant and Cooperative Agreement Act (P.L. 97-258) (31 USC Sec. 6301.-6305.) [13] guides agencies to use a grant agreement as the legal instrument reflecting a relationship between the United States Government and a state, local government, or other recipient when: (1) the principal purpose of the relationship is to transfer a thing of value to the state or local government or other recipient to carry out a public purpose of support or stimulation authorized by a law of the United States instead of acquiring (by purchase, lease, or barter) property or services for the direct benefit or use of the United States Government; and (2) substantial involvement is not expected between the executive agency and the state, local government, or other recipient when carrying out the activity contemplated in the agreement. DHS will use a cooperative agreement when substantial involvement is expected in the implementation of the awards activities. Various websites offer grant opportunities:

• Primary website that assists applicants in finding and applying for federal grants: www.grants.gov:

• Homeland Security COEs solicit proposals for competitively funded research and development and education projects. These projects relate to transformative, evolving and/or maturing R&D technologies that demonstrate significant improvement in the Center's mission or operations of Center stakeholders. Proposals involving TAD countermeasure development fall within the domain of the FAZD Center and CEEZAD COEs.

- COEs’ competitive requests for proposals: http://fazd.tamu.edu/ and http://www.ceezad.org/ and www.hsuniversityprograms.org

- Career Development Grants (CDGs) are competitively awarded to accredited universities in the US to provide financial support to students interested in HS-STEM (Homeland Security Science, Technology, Engineering, and Math)-related research and careers: www.grants.gov

- Summer Internships provided to rising juniors and seniors for up to 10 weeks during the summer to conduct research in DHS mission-relevant research areas: http://www.orau.gov/dhsinternships/

- Minority Serving Institutions (MSI) Grants and Awards encourage partnerships with S&T COEs: www.hsuniversityprograms.org

- MSI Summer Research Team Project grants fund research opportunities at DHS COEs that increase and enhance the scientific leadership at MSIs in DHS-relevant research areas: http://www.orau.gov/dhsfaculty/

- Scientific Leadership Awards (SLA) fund the development of HS-STEM teaching initiatives, curriculums, and scholarships at MSIs: www.grants.gov

• S&T International Cooperative Programs Office Grants are designed to augment and complement, through international research and collaboration, the depth and breadth of homeland security science and technology research: www.grants.gov

CRADAs are a key feature of technology development management. Under a CRADA, Federal and non-Federal entities are encouraged to leverage research and development budgets to advance critical technologies through cost sharing practices. CRADAs are commonly used for technology transfer between the US government and industry, and may be used in any aspect of a product life cycle where RDT&E activities occur. CRADAs are authorized by the Federal Technology Transfer Act of 1986, as amended and codified by 15 USC 3710a [14]. DHS, as an executive agency under 5 USC 105, is a Federal agency for the purposes of 15 USC 3710a and may enter into a CRADA. [14, 15] DHS delegated the authority to conduct CRADAs to S&T and its laboratories. Through this mechanism, Federal parties may provide personnel, services, facilities, equipment, intellectual property, or other resources with or without reimbursement. The non-Federal parties may provide funds, personnel, services, facilities, equipment, intellectual property, or other resources toward the conduct of specified research and development efforts that are consistent with the missions of the component or laboratory.

CONCLUSIONS

At the 2011 annual meeting of the United States Animal Health Association (USAHA), Dr. John Clifford, Deputy Administrator for USDA APHIS Veterinary Services, announced that APHIS had shifted its thinking with regard to FMD control measures in the US He explained that the traditional response of stamping out may no longer be appropriate, adding that vaccination was currently under consideration, among several tools, as part of a FMD control strategy. These sentiments are echoed in the USDA APHIS National Center for Animal Health Emergency Management (NCAHEM) Foreign Animal Disease Preparedness & Response Plan (FAD PReP), where the goals of a US response to a domestic incursion of FMD are specified as “to (1) detect, control, and contain FMD in animals as quickly as possible; (2) eradicate FMD using strategies that seek to stabilize animal agriculture, the food supply, the economy, and protect public health; and (3) provide science- and risk-based approaches and systems to facilitate continuity of business for non-infected animals and non-contaminated animal products” [16]. The authors of the plan state that “the use of emergency vaccination strategies may be considered in an FMD outbreak.” Dr. Clifford's announcement and the technical successes of the program validate the TAD countermeasures development approach executed by S&T. For FMD and other high-consequence TADs, it is clear that the breadth of the program is warranted in order to ensure the availability of countermeasures for emergency response, as part of the USDA APHIS paradigm, should there be a need for them.
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FOOTNOTE

1 The FADT was formed in 2005 as a Subcommittee of the CHNS. In 2011, the CHNS, formed the Biological Defense Research and Development Subcommittee (BDRD) to coordinate interagency defensive research, development, testing, and evaluation (RDT&E) addressing biological threats to national security. At that time, the FADT became a working group under the BDRD.
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Abstract: The United States Department of Agriculture (USDA) Animal and Plant Health Inspection Service (APHIS) Veterinary Services (VS) is charged with monitoring, controlling, and responding to select reportable diseases and all foreign animal diseases. Emergency Management and Diagnostics (EM&D) oversees Foreign Animal Disease (FAD) preparedness and response. In order to effectively prepare for and respond to FADs, such as highly pathogenic avian influenza and foot-and-mouth disease, VS develops plans, strategies, and policies to effectively combat an intrusion. USDA APHIS VS has made significant gains in preparedness and response planning. However, much remains to be done especially in surveillance, diagnostic tools, and vaccines. There are significant needs for novel medical technologies to improve diagnostic capabilities and offer additional approaches for FAD response.

INTRODUCTION

The United States Department of Agriculture (USDA) Animal Plant Health Inspection Service (APHIS) Veterinary Services (VS) division is charged with monitoring, controlling, and responding to select reportable domestic diseases and all foreign animal diseases (FADs). The division overseeing response to FADs is Emergency Management and Diagnostics (EM&D) which includes three units responsible for a multitude of activities relating to mitigation, diagnostics, and response to FAD threats. This paper addresses how APHIS Veterinary Services prepares and responds to FADs.

EMERGENCY MANAGEMENT AND DIAGNOSTICS

The National Center for Animal Health Emergency Management (NCAHEM) is composed of three subunits:

• Preparedness and Incident Coordination develops response strategies; collaborates with stakeholders in developing those strategies, and provides national perspective in the coordination of FAD incidents;

• Interagency Coordination identifies Government partners and potential resources, and collaborates with interagency and international working groups;

• The National Veterinary Stockpile (NVS) stockpiles veterinary countermeasures, and provides States, Tribes, and Territories logistics support for FAD incidents;

The National Veterinary Services Laboratories (NVSL) provides confirmatory and reference laboratory diagnostic services and establishes standards for national FAD testing for laboratories belonging to the National Animal Health Laboratory Network (NAHLN). Another VS unit, The Center for Epidemiology and Animal Health's National Surveillance Unit, works with others VS units and establishes the protocols for sampling frequency; sampling size; and target populations to be sampled.

The Center for Veterinary Biologics (CVB) is responsible for the evaluation, inspection, and licensing or permitting of all veterinary biologics including vaccines and diagnostic test kits, distributed in the United States. The CVB implements the provisions of the Virus-Serum-Toxin Act to ensure that veterinary biologics available for the diagnosis, prevention, and treatment of animal diseases, including FADs, are pure, safe, potent, and effective.

MITIGATION, PREPAREDNESS, AND RESPONSE ACTIVITIES

Veterinary Services engage in active and passive surveillance programs to detect pathogens of concern. EM&D monitors existing active surveillance programs for select FADs such as Highly Pathogenic Avian Influenza (HPAI), where testing results are reported by State approved laboratories based on submissions from industry and regulatory sources. For most FADs, EM&D relies chiefly on passive surveillance through a network of APHIS and Food Safety and Inspection Service (FSIS) veterinary medical officers (VMOs), State regulatory VMOs, and Federally accredited private sector veterinarians who report suspect cases. The initial response strategy is outlined in VS memorandum 580. 4 “Procedures for the Investigation of Potential Foreign Animal Disease/Emerging Disease Incidents (FAD/EDI)” which details how investigations are conducted, samples submitted, and details the chain of communication that should occur between Federal and State animal health authorities, NVSL, and the NAHLN laboratories. Depending on the suspected FAD, samples may be forwarded directly to the NVSL (e.g., foot and mouth (FMD) disease), or initially analyzed at an approved NAHLN laboratory with suspect samples forwarded to NVSL for confirmatory diagnostics (e.g., HPAI).

APHIS VS conducts preparedness and response activities through the NCAHEM which develops industry specific response plans and countermeasures that rely heavily on stakeholder input. During an outbreak, NCAHEM provides the guidance and coordination for responding to an outbreak in compliance with Federal regulation; coordinates the event on a National level; assists States in their response and control efforts; and helps to deploy qualified Federal personnel to assist in the mission. NCAHEM, in conjunction with local officials, determines what strategies will be undertaken, and how and when to deploy countermeasures such as vaccines. All animal health emergency responses are conducted using the Incident Command System (ICS) model, with a Unified Field Command (Federal/State) established locally to oversee the response. The ICS is a standardized tool for meeting the demands of an emergency situation. APHIS would also reach out to other Federal agencies for support (e. g., Department of Homeland Security; Environmental Protection Agency, etc.) in accordance with the National Response Framework (NRF).

The NVS is a national repository of veterinary supplies that can be deployed within 24 hours to augment State, Tribe, and Territory resources during a response to a damaging animal disease outbreak. The stockpile contains critical countermeasures, such as personal protective equipment (PPE) and decontamination materials; animal handling and depopulation equipment; animal vaccines; antiviral medications for agricultural responders; and response support services, including depopulation, disposal, and decontamination (3D) efforts.

The NVS became operational in 2006 and the program continues to research and add new technologies, including animal vaccines. Since 2003, several US interagency working groups have evaluated animal diseases and ranked their danger. Based on these early efforts, in 2005 the NVS’ Intra-governmental Strategic Steering Committee identified and ranked the most dangerous diseases for which the NVS needed to have countermeasures. The group used the following criteria to select and rank the diseases:

• Epidemic Potential - Ability to shed, spread, and rapidly infect target species;

• Economic Impact - Loss of revenue to a region, one or more agricultural segments (e.g., beef, dairy, broilers) and associated industries;

• Trade Impact - Loss of revenues due to trade restrictions imposed by one or more trade partners;

• Zoonotic Potential - Ability of an animal disease to spread and cause morbidity and/or mortality to a small or large number of people;

• Morbidity and Mortality - The virulence potential of a pathogen and its ability to cause sub-clinical disease, moderate disease, severe disease, and/or mortality;

• Cross-species Potential - The ability of a pathogen to cross a species barrier, infect, and cause disease in other animal species, including establishing a reservoir in important domestic or wildlife species;

• Inability to Detect Rapidly - Availability of very specific and sensitive tests to rapidly detect the pathogen in the field;

• Inability to Vaccinate - Availability of vaccines that have the ability to control and eradicate the pathogen (i.e., VS would be unable to implement a vaccine strategy if there are no vaccines, if available vaccines are not “marked”, or do not prevent shed and spread, colonization of target tissues, carrier animals).

The group defined the following as the top five most dangerous animal disease threats:

1. Highly pathogenic avian influenza

2. Foot-and-Mouth disease

3. Rift Valley Fever

4. Exotic Newcastle disease

5. Nipah and Hendra viruses

The list will serve as guidance for countermeasures acquisitions, including animal vaccines.

DISCUSSION

APHIS VS EM&D has made significant progress in developing novel response technologies against diseases of concern but significant challenges remain.
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