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Executive Summary

Animal health plays a critical role in ensuring a safe and adequate food supply to the United
States population and the world. In spite of years of research, challenges remain in animal health
with both emerging diseases and diseases that have long been problematic. The mission of the
ARS Animal Health National Program is to deliver scientific information and tools to detect,
control, and eradicate animal diseases of high national priority. The ultimate goal of the program
is to protect and ensure the safety of the Nation’s agriculture and food supply through improved
disease prevention, protection, mitigation, response, and recovery.

The anticipated products of the animal health research program were captured in an Action Plan
at the start of the 5-year national program cycle. Some of the anticipated products in the Action
Plan include finding solutions to prevent economic losses from domestic and foreign animal
diseases, providing scientific information to maximize on-farm biosecurity practices for naturally
or intentionally introduced pathogens, establishing methods to detect, analyze, and respond to
new and emerging pathogens, and developing disease prevention tools such as alternatives to
antibiotics, vaccines and biotherapeutics.

Research accomplishments in this report are organized under the seven Research Components of
the Action Plan. For each component, the report provides the rationale for the research, the
anticipated products and impact, followed by examples of accomplishments and contributions to
those national research priorities.

Component 1: Biodefense Research

The ARS biodefense research activities under Component 1 include research conducted on
foreign animal diseases and emerging diseases that pose the greatest threats to the United States.
Foreign animal diseases include Foot-and-Mouth Disease (FMD), which is the only agricultural
agent classified as a Tier 1 select agent by both the Centers for Disease Control and Prevention
(CDC) and the Animal and Plant Health Inspection Service (APHIS). Since 2015, the ARS
Biodefense Research program has made significant contributions towards the defense of the
country against disease incursions as well as food security initiatives worldwide. Notable
contributions include new vaccine technologies transferred to industry for further research and
development for Foot-and-Mouth Disease and African Swine Fever.

Component 2: Antimicrobial Resistance

The research in this component focused on two strategic areas: 1) the ecology of antimicrobial
resistance and 2) the research and development of antibiotic alternatives. ARS scientists have
made significant progress in several areas, including increasing the understanding of the effects
of antibiotic use on swine respiratory pathogens and the animal’s natural microbial flora;
identifying differences in antibiotic resistant bacteria in human and animal species; and
developing and transferring vaccine candidates that can be used to prevent animal diseases that
commonly require the use of antibiotics.


https://www.ars.usda.gov/animal-production-and-protection/animal-health/docs/action-plan/
https://www.ars.usda.gov/animal-production-and-protection/animal-health/docs/action-plan/

Component 3: Zoonotic Diseases

Zoonotic diseases represent one of the leading causes of illness and death in people. The ARS
zoonotic disease research program focuses on brucellosis, leptospirosis, tuberculosis (TB), and Q
Fever with the strategic goal of developing countermeasures to prevent disease transmission in
domestic livestock and wildlife reservoir hosts. While eradication of TB and Brucellosis remain
the goal, outbreaks in domestic animals due to the presence of the organisms in wildlife remains
a serious concern. As a result, much of the direction of the research conducted in this area is
developing strategies to diagnose and control the diseases in wildlife, including bison and white-
tail deer. Notable accomplishments include validating laboratory inactivation methods for
Brucella in response to a request from the Federal Experts Security Advisory Panel (FESAP),
furthering the understanding of why some animals become persistently infected with the RB51
vaccine, and development of new culture methods to enhance the understanding of leptospirosis
bacterial protein expression during infection.

Component 4: Respiratory Diseases

Despite the wide-ranging use of vaccines and antibiotics in animal agriculture, endemic
respiratory diseases remain a primary health threat to livestock and poultry. Most respiratory
diseases present themselves as disease complexes involving multiple primary and secondary
viral and bacterial pathogens, complicating control and prevention strategies. Importantly,
livestock and poultry that develop respiratory diseases have notable decreases in growth
performance. ARS scientists have made tremendous strides in understanding host-pathogen
interactions, mechanisms of transmission, and the discovery of highly effective diagnostics, and
vaccines to control respiratory diseases of livestock and poultry. Since 2015, ARS scientists have
made significant contributions to control respiratory pathogens, including the development of
vaccines against Streptococcus suis in swine; identifying Mycoplasma ovipneumoniae in a wide-
array of wildlife species; and development of automated vaccine delivery systems for poultry.

Component 5: Production Diseases

Although many production diseases can be prevented through sound biosecurity measures and
good management practices, significant scientific gaps remain in our understanding of disease
dynamics and host-pathogen interactions. Johne’s caused by Mycobacterium avium subspecies
paratuberculosis remains a serious disease for dairy and sheep farmers. This disease causes
significant economic loss and to date accurate diagnostic and control strategies remain elusive.
There are also significant gaps in our understanding of enteric disease complexes of poultry, and
the ecological and host interactions that lead to disease and production losses. Since 2015, ARS
scientists have provided key scientific information that has increased our understanding of
Johne’s disease through the identification of proteins that serve as better diagnostic targets.
Another accomplishment includes enhancing the understanding of how selective breeding may
make animals more susceptible to mastitis.

Component 6: Parasitic Diseases

Parasites represent one of the most diverse groups of organisms that are responsible for hundreds
of insidious diseases ranging from enteric diseases to vector-borne hemoparasitic infections. The
livestock and poultry industries are severely affected by significant losses in animal production
due to lower weight gain, anemia, diarrhea, and death. Of great concern is the increase in



anthelmintic resistance by parasites over the years. As loss of these important tools for
controlling parasitic infections becomes more common, alternatives must be found to maintain
healthy animals and a safe source of food. In addition, controlling hemoparasites is important to
the economies of both the beef and dairy cattle industries, but also the U.S. sheep, goat and
equine industry. Since 2015, ARS scientists have made significant contributions as evidenced by
the development of improved diagnostic assays for detecting anaplasmosis in cattle and
piroplasmosis in horses; developing treatment techniques to clear piroplasma organisms from
infected horses; and the discovery of potential vaccine candidates for control of intestinal
parasites in cattle as well as identifying some potential genes that may help to naturally reduce
the parasite load.

Component 7: Transmissible Spongiform Encephalopathies

Scrapie of sheep and goats, bovine spongiform encephalopathy (BSE) of cattle, chronic wasting
disease (CWD) of deer and elk, and variant Creutzfeldt-Jacob disease (vCJD) of humans are all
fatal neurodegenerative disorders classified as transmissible spongiform encephalopathies
(TSEs). There are no effective treatments or cure, and the origin of TSEs have yet to be
determined. Since 2015, ARS scientists have made significant contributions to our understanding
of the pathobiology of prion strains, interspecies transmission, successfully developed new
improved diagnostic methods, and the identification of resistant genotypes to breed resistant
sheep and goats in support the United States Scrapie eradication program.

Cyril Gerard Gay
National Program Leader, Animal Health

Roxann Motroni
National Program Leader, Animal Health
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Introduction

Agricultural Research Service

The Agricultural Research Service (ARS) is the principal in-house research agency of the United
States Department of Agriculture (USDA). ARS is one of four agencies in the Research,
Education, and Economics (REE) mission and is charged with extending the Nation's scientific
knowledge with research projects in agriculture, human nutrition, food safety, natural resources,
and the environment. ARS supports more than 2,000 scientists and post docs organized into
approximately 660 permanent research projects at over 90 locations across the country and five
overseas laboratories.

Role

ARS conducts innovative research to find solutions to problems of high National priority that
impact the American people daily. ARS often undertakes high-risk research endeavors to make
significant breakthroughs in important problem areas. ARS research programs also complement
the work of State Colleges and Universities, State Agricultural Experiment Stations, other
Federal agencies, and the private sector. Mechanisms for addressing state and local issues often
are already in place; therefore, activities within ARS focus on issues having a regional or
national scope and where there is a clear federal role. ARS also provides research support to
USDA action and regulatory agencies and to several other Federal regulatory agencies, including
the Departments of State and Defense, the Food and Drug Administration, and the
Environmental Protection Agency.

Mission
The mission of the program is to deliver scientific information and tools to detect, control, and
eradicate animal diseases of high national priority.

Goal

The goal of National Program 103 (NP 103), Animal Health, is to protect and ensure the safety
of the Nation’s agriculture and food supply through improved disease detection, prevention,
control, and treatment. Basic and applied research approaches are used to solve animal health
problems of high national priority. Emphasis is given to methods and procedures to control
animal diseases through the discovery and development of:



Diagnostics

Vaccines

Biotherapeutics

Animal genomics applications
Disease management systems
Animal disease models

e Farm Biosecurity measures

The vision for the program is to be recognized worldwide as a leader in animal health research
that delivers effective solutions to prevent and control animal diseases that impact agriculture
and public health.

The Animal Health National Program has ten strategic objectives:

1. Establish ARS laboratories into a fluid, highly effective research network, to maximize
use of core competencies and resources.

2. Continue to develop specialized high containment facilities to study zoonotic and
emerging diseases.

3. Strengthen the integration of our animal and microbial genomics research programs.
4. Strengthen our core competencies in comparative immunology.
5. Launch a research program to combat antimicrobial resistance bacteria with emphasis on

the ecology of antimicrobial resistance and the discovery and development of alternatives
to antibiotics.

6. Sustain a technology-driven vaccine and diagnostic discovery research program.

Develop core competencies in field epidemiology and predictive biology.

8. Develop internationally recognized expert research laboratories recognized by the World
Organization for Animal Health (OIE) and the Food and Agriculture Organization of the
United Nations (FAO).

9. Sustain best-in-class training centers for our nation’s veterinarians and scientists.

10. Sustain an effective technology transfer program to achieve the full impact of our
research discoveries.

~

Overall Program Impact

During the 5-year period covered by this report, ARS scientists have provided scientific
information that has significantly enhanced our knowledge of endemic and foreign animal
diseases, including new and emerging diseases such as Porcine Epidemic Diarrhea Virus and
Senecavirus A, as well as the ongoing evolution of influenza A viruses in animals. Scientific
information for zoonotic pathogens has been used widely to establish the safety of our food
products and support the export of agricultural products. Importantly, several tools for detecting
and preventing animal disease outbreaks have been discovered and transferred to action and
regulatory agencies and the private sector for full development. Examples include rapid nucleic
acid-based diagnostic assays for priority infectious diseases (e.g., highly pathogenic influenza
virus) transferred to Animal and Plant Health Inspection Service (APHIS) and the National
Animal Health Laboratory Network to support surveillance programs throughout the United
States. Although details of Cooperative Research and Development Agreements with the private



sector are considered confidential, new vaccine technologies for priority diseases like Foot-and-
Mouth Disease (FMD) and Classical Swine Fever (CSF) have been transferred and are currently
being developed by pharmaceutical companies with the support of ARS scientists. A recent
example is the first successfully genetically engineered molecular FMD vaccine, which was
specifically designed for the U.S. National Veterinary Stockpile.

PLANNING AND COORDINATION FOR NP 103’S 5-YEAR CYCLE

National Program Cycle

The management and execution of all ARS research programs is organized around the five-year
National Program Cycle, consisting of four sequential phases designed to ensure the relevance,
quality, and impact of every National Program: 1) Input; 2) Planning; 3) Implementation; and 4)
Assessment.

National Program Cycle

Quality I I Impact

Implementation Assessment

Site Reviews
| National Program Annual Report
| National Program Assessment
| GPRA
| PART
National Program Assessment

A National Program Assessment is conducted through two avenues every five-years, one route is
the collection of a survey of stakeholders and partners. This survey allows ARS to periodically
update the vision and rationale of the NP 103 program and assess the relevancy, effectiveness,
and responsiveness of ARS research to stakeholder’s needs. The Office of National Programs
staff organizes the survey to facilitate the review and simultaneously provide an opportunity for
customers, stakeholders, and partners to assess the progress made through the National Program




and provide input for future modifications to the National Program or the National Program’s
research agenda. A second assessment method is to ask a panel of animal health experts to review
the action plan of the National Program and provide input on quality and impact of research over
the past five years.

Animal Health National Program (NP 103)

The mission of the Animal Health Program is to conduct basic and applied research on selected
diseases of economic importance to U.S. livestock and poultry industries. The goals of the
research mission are to produce knowledge and technology to reduce economic and animal losses
from infectious, genetic, and metabolic diseases of livestock and poultry. Dr. Cyril G. Gay,
Senior National Program Leader, and Dr. Roxann Motroni, National Program Leader, lead this
ARS animal health research program. Dr. Gay is lead on projects involving viruses and prions.
Dr. Motroni leads the projects on bacterial and parasitic pathogens. The Animal Health National
Program currently includes approximately 40 core research projects supported by 86 scientists
located at nine research sites throughout the country. The ARS research budget for the Animal
Health Program was approximately $80.9 million in FY'19. For reference since the last
accomplishment report in 2015, the budget has increased $12.9M, and there are 15 fewer
scientists and 2 fewer research locations. Approximately, $6M of the $12.9M budget increase is
for the NBAF science program.

Background

With a growing global population, increased demands for animal proteins, and the economic
dependence on livestock production of over one billion people worldwide, investments in animal
health research are critical to achieve global food security and the sustainable growth and
resilience of a safe food supply for a growing world population. Enhancing the health of animals
in agricultural production systems directly impacts food quality and ensures a sufficient supply
of macro and micro-nutrients to meet people’s basic needs worldwide. When combined with
other investments in agricultural development, research-based innovations address some of the
fundamental constraints that give rise to food insecurity by reducing production risks associated
with pests and diseases.

Achieving results in animal health research in the 21% century requires a “systems biology”
approach in which knowledge obtained from animal studies in functional genomics,
immunology, pathology, physiology, nutrition, and epidemiology are integrated in the discovery
and development of countermeasures for preventing and controlling disease outbreaks.

Accordingly, this national program fosters the alignment of research expertise and the
establishment of strategic partnerships to maximize productivity and impact. For this purpose,
NP 103 projects are aligned under seven research components. Each component includes
problem statements that define the scope of the action plan. Research components draw upon
relevant expertise within NP 103, but also espouse challenges by seeking overarching
contributions from scientists working in NP 101 (Animal Production), NP 104 (Veterinary,
Medical and Urban Entomology), NP 106 (Aquaculture), NP 107 (Human Nutrition), NP 108
(Food Safety), NP 215 (Grass, Forage, and Rangeland Agroecosystems), and NP 303 (Plant
Diseases); thus coordinating and integrating that expertise to develop a specific useful
application of the knowledge. Projects within the research components have also attracted
additional federal, university, and industry partners at both the national and international level.
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The aim of these partnerships is to support component projects. Their inclusion has enabled and
enhanced the anticipated products of the component projects. Because a significant number of
projects in the animal health research portfolio focus on the discovery of novel technologies,
technology transfer strategies were identified to maximize the impact of the research, and where
appropriate, help foster investments by the private sector in the development of these
technologies.

The anticipated products of the animal health program targeted the following:

Enhance “Global Food Security” by finding solutions to problems incurred by domestic
and transboundary animal diseases of livestock and poultry.

Support “One Health” initiatives by implementing research programs that will benefit the
animal health, public health, and the biomedical research communities.

Advance the productivity frontier by supporting “Feed the Future” initiatives.

Develop methods to help producers adjust to changing farming practices that will allow
consumer driven issues to be accommodated without compromising financial viability.
Establish methods to detect, analyze, and effectively respond to new and emerging
pathogens that threaten agriculture and public health.

Find solutions to create and maintain a barrier to pathogens at the domestic-wildlife
animal interfaces.

Build integrated research programs to discover genetic variations associated with disease
susceptibility to increase our farmers’ productivity and competitiveness.

Develop experimental animal disease models that will serve the animal and human health
research communities to significantly shorten the timelines for developing breakthrough
medicines and disease prevention tools and validate the use of countermeasures in disease
control programs.

Conduct and coordinate Animal Health research to support ARS Grand Challenge
Synergies and ARS X.

STRUCTURE OF NP 103

Research Component Overview:
The seven research components of the program are:

Component 1: Biodefense Research

Component 2: Antimicrobial Resistance

Component 3: Zoonotic Diseases

Component 4: Respiratory Diseases

Component 5: Priority Production Diseases

Component 6: Parasitic Diseases

Component 7: Transmissible Spongiform Encephalopathies

10



NP 103 RESEARCH CONTRIBUTES TO THE OVERALL ARS ANIMAL HEALTH
RESEARCH EFFORT

Relationship of this National Program to the USDA Strategic Plan:
This Action Plan is relevant to Strategic Goals 3 and 4 of the USDA Strategic Plan for 2014-
2018 (http://www.usda.gov/documents/usda-strategic-plan-fy-2014-2018.pdf).

The aim of Strategic Goal 3 is to help America promote agricultural production and
biotechnology exports as America works to increase food security. The Action Plan is linked to
Objective 3.1: Ensure U.S. Agricultural Resources Contribute to Enhanced Global Security.

The aim of Strategic Goal 4 is to ensure that all of America’s children have access to a safe,
nutritious and balanced meals. The Action Plan is linked to Objective 4.4: Protect Agricultural
Health by Minimizing Major Diseases and Pests to Ensure Access to Safe, Plentiful, and
Nutritious Food.

The implementation of the research in the Action Plan will provide critical scientific information
and tools to help control and eradicate diseases that threaten animal production and thereby
contributes to global food security. This action plan also supports sustainable agriculture
production in food-insecure nations by enabling the control of transboundary animal diseases,
which the Food and Agriculture Organization of the United Nations (FAO) and the World
Organization for Animal Health (OIE) have declared significantly impact the lives of millions of
people in developing countries that dependent on livestock and poultry production for their
livelihood and well-being.

Relationship of this National Program to the USDA REE Action Plan:

This Action Plan fits under the general guidance of the USDA REE Action Plan’s
(https://www.usda.gov/sites/default/files/documents/usda-ree-science-action-plan.pdf) Goal 1:
Sustainable Intensification of Agricultural Production, Subgoal 1B: Crop and Animal Health,
and Subgoal 1C: Crop and Animal Genetics, Genomics, Genetic Resources, and Biotechnology.
Specific NP 103 alignment includes the research and development of technologies to mitigate
animal diseases to enable sustainable animal production systems.

Relationship of this National Program to the ARS Strategic Plan:

This Action Plan supports the 2012-2017 ARS Strategic Plan, Goal Area 4: Animal Production
and Protection:
(http://www.ars.usda.gov/SP2UserFiles/Place/00000000/NPS/OAA/ARS%20Strat%20Plan%20
2012%20-%202017%20Final.pdf).

Within that Strategic Goal Area, Goal 4.2 (Prevent and Control Pests and Animal Diseases that
Pose a Threat to Agriculture, Public Health, and the Well-being of American Citizens) includes
eight of the ten strategic objectives in NP 103. Specific emphasis is placed on delivering
scientific information and tools to control and eradicate domestic and exotic diseases. The
following performance measure sets the targets for NP 103 research within the USDA ARS
Strategic Plan:

11
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Performance Measure for Goal 4.4.2: Provide scientific information to protect animals,
humans, and property from the negative effects of pests and infectious diseases. Develop
and transfer tools to the agricultural community, commercial partners, and government
agencies to control or eradicate domestic and exotic diseases and pests that affect animal
and human health.

HOW THIS REPORT WAS CONSTRUCTED AND WHAT IT REFLECTS

In this report, NP 103 achievements and their impacts are organized according to the seven
Action Plan components. The report first outlines the rationale for the research, followed by the
research needs, anticipated products and impact for each of the components. Then, selected
accomplishments are listed as examples of contributions toward the high priority needs identified
by customer/stakeholders and described in the NP 103 Action Plan.

For the most part, the content of this report is derived from the 2016-2020 annual reports from
NP 103 research projects. This report does not include all accomplishments achieved by this
national program, rather, only selected accomplishments that illustrate and exemplify the total
progress and achievements at the national level.

Research projects in NP 103 are listed in Appendix I; publications in peer-reviewed journals
authored by NP 103 scientists are compiled in Appendix II; patents and technology transfer are
listed in Appendix III; research collaborations are listed in Appendix IV.

This report was prepared for an external (to ARS) retrospective review of NP 103 research that
was conducted from October 2015 to February 2020 to assess how well this national program
attained its goals, as outlined in the 2017-2022 Action Plan.

Accordingly, the purpose of the retrospective review is not to review the performance of
individual research projects, but rather to gauge the overall impact of NP 103. Consequently, the
report does not attempt to catalogue all the accomplishments of the constituent research projects
of NP 103. Individual scientists or projects are not identified by name in the narrative text; their
achievements are described in the context of contributions to the national program’s
commitments to U.S. agriculture and progress in animal health research.

This report provides extensive lists of animal health research priorities and anticipated products
from the NP 103 Action Plan. Although these research priorities and anticipated products serve
to help measure the national program’s progress during the last five years, their primary purpose
was to provide overarching targets for scientists working in the NP 103 National Program.
Importantly, these extensive lists provided direction for acquiring additional resources
(extramural funding and research collaborations) to build and expand research programs where
needed during the national program cycle. Based on the available funds and resources at the start
of the national program cycle, ARS scientists were given specific research objectives to prepare
their project plans, which were provided in Program Direction and Resource Allocation
Memoranda.
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Component 1: Biodefense Research

Rationale for the research:

The health of animals is continuously threatened by diseases naturally, accidently, or deliberately
introduced into a naive healthy population of animals. These diseases vary in the degree of
economic loss they cause, their potential to spread, ease of control and our ability to eradicate
them. Many of these diseases are caused by high consequence animal pathogens that are not
hindered by international borders and are thus labeled transboundary diseases by the Food and
Agriculture Organization (FAO) of the United Nations. Since most of these diseases do not exist
in the United States they are also referred to as foreign animal diseases. Of particular concern are
emerging animal diseases that challenge our disease surveillance systems and our ability to
prepare and respond to disease outbreaks. Introduction of these diseases in the United States
could have devastating social and economic effects not only in the country’s agricultural systems
but also in a wide range of economic activities, such as the export and trade of agricultural
products.

ARS biodefense research activities under Component 1 include research conducted on Select
Agents identified under the Agricultural Bioterrorism Protection Act of 2002. Select Agents pose
a severe threat to animal health or animal products. Research on Select Agents is regulated by the
USDA Animal and Plant Health Inspection Service (APHIS) and/or the Centers for Disease
Control and Prevention (CDC) and requires high containment laboratories and animal facilities.
The NP 103 program operates 3 high-containment laboratories that work with a variety of
animal species. They are: Plum Island Animal Disease Center (PIADC), U.S. National Poultry
Research Center (USNPRC) and the National Animal Disease Center (NADC). The National
Bio and Agro-Defense Facility (NBAF) will begin operations in 2022 and eventually provide
expanded BSL-4 and biologics development capabilities to replace the aging PIADC. Outputs
under Component 1 are used by Federal and State regulatory agencies for surveillance and to
mitigate accidental or potential intentional acts of agroterrorism.

The program direction provided to scientists assigned to biodefense research purposely targeted
basic research aimed at understanding the mechanisms of disease agent survival outside of the
host, movement between susceptible hosts, animal infection, and pathogen escape and shedding.
To improve our response to disease incursions, the program also allocated significant resources
towards the discovery of veterinary countermeasures for the U.S. National Veterinary Stockpile.
The research program has successfully established strategic international research collaborations
with scientists in countries where foreign animal diseases (many of which are select agents) are
endemic. One notable accomplishment was the building and continuous expansion of the Global
African Swine Fever Research Alliance (GARA - http://www.ars.usda.gov/gara). Partnerships with
researchers in other countries have contributed significantly to the program by providing access
to critical samples, scientific information, resources, and the ability to test countermeasures in
endemic settings.

Stakeholders representing the livestock and poultry industries that responded to the 2015 ARS
animal health national survey identified biodefense research as a national priority. Foreign
animal diseases as well as emerging and/or re-emerging diseases represent a major threat to U.S.

13
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agriculture. Introduction of these agents, either accidental or deliberate, has the potential to result
in devastating social and economic effects, not only to the country’s agricultural systems but also
on a wide range of economic activities.

Research needs:

In order to control foreign animal diseases, a wide variety of agent detection platforms need to be
developed and validated. Information for designing these platforms requires knowledge of
pathogen genomics and proteomics and understanding the evolution and genetic variability of
disease agents. There is a dearth of knowledge for many priority foreign animal diseases, such as
understanding the host range of pathogens; their primary site of replication; tissue tropism;
carrier state; duration and routes of shedding; transmission mechanisms (e.g. vectors, fomites,
aerosols); and ecology and epidemiology (e.g., wildlife reservoirs). If a disease outbreak should
occur in the United States, effective veterinary countermeasures are needed to support suitable
control strategies compatible with a short time to recover to limit the economic impact. There is
a need for developing vaccines and biotherapeutics suitable for the U.S. National Veterinary
Stockpile. Importantly, integrated approaches for responding to foreign animal disease outbreaks
are needed to enhance our capability to regain country disease-free status and retain economic
sustainability.

Since no one can predict with certainty the cause of the next pandemic, there is a need to
continuously isolate, identify, and characterize pathogen(s) associated with new disease
complexes of unknown etiologies. The capabilities to rapidly detect, identify, and characterize
new and emerging animal pathogens are paramount and a primary goal of the biodefense
research program. Scientists need to conduct animal studies in the relevant host to fulfill Koch’s
postulates and determine the pathogenesis of monovalent and multivalent infections. Once a new
agent is isolated there is a need to sequence partial or complete microbial genomes to identify
unique sequences for diagnostic discovery and molecular epidemiology research. Research is
needed to understand mechanisms of disease, disease transmission, and host range specificity to
determine the prevalence and emerging potential of new diseases. Ultimately research is needed
to identify predictors of disease emergence and disease outbreaks. Establishing strategic
international research collaborations is critical to address many of these research needs.

Many of the specific research priorities and anticipated products for Component 1 were derived
from gap analyses conducted by worldwide experts in the last five years. These gaps analyses
were organized and led by ARS at the request of stakeholders and partners, such as the APHIS
National Veterinary Stockpile (NVS) Steering Committee (http://www.aphis.usda.gov), the
Global Strategic Alliances for the Coordination of Research on the Major Infectious Diseases of
Animals and Zoonoses (http://www.star-idaz.net/), and the United States Animal Health
Association (http://www.usaha.org). Some of the results from these gap analyses are confidential
due to recommendations made in the reports for stockpiling countermeasures. However, several
reports have been amended for public distribution and are available on the following ARS
website:
http://www.ars.usda.gov/research/programs/programs.htm?np_code=103&docid=17547. Some
of these reports have been instrumental in shaping research priorities worldwide. The following
four examples illustrate some of the impacts resulting from gap analysis workshops conducted
for priority foreign animal disease threats.
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The first example is the Henipavirus Gap Analysis Workshop
organized at the Canadian Food Inspection Agency (CFIA) Winnipeg
Laboratory in Canada, November 2017. The report from this
workshop (http://go.usa.gov/xnHgR) provides a comprehensive
assessment of the current scientific knowledge and the available
countermeasures to effectively control and mitigate the impact of a
Nipah virus outbreak in North America. One of the key outcomes
from this workshop was the establishment of a strategic collaboration
between the ARS Foreign Animal Diseases Research Unit at the Plum
Island Animal Disease Center and the CFIA.

Henipavirus Gap Analysis
Workshop Report

The second example is the Foot-and-Mouth Disease (FMD) Gap Analysis
Workshop organized in Buenos Ares, Argentina, June 2018. The report Foot-and-Mouth Disease
from this workshop (http://go.usa.gov/kCqF) is instrumental in setting the Gap Analysis Report
research agenda and activities of the Global FMD Research Alliance e
(http://www.ars.usda.gov/GFRA). Importantly, the report provides
concrete information on the gaps in the scientific information and tools
available for controlling FMD, and a list of research priorities for
addressing those gaps. This information is also critical in guiding funding
agencies as well as enabling strategic research collaborations within the
GFRA. In addition, the FMD gap analysis workshop report served as the

basis for disseminating critical information in the scientific literature to “ \\ "‘a\ ’/L\/ |
enable the development of the most promising countermeasures; €.g., B
Robinson, L., Knight-Jones, T.J., Charleston, B., Rodriguez, L.L., Gay, Research Alliance

C.G., Sumption, K.J., Vosloo, W. Global Foot-and-Mouth Disease
Research Update and Gap Analysis: 3 — Vaccines (2016)
Transboundary and emerging diseases, 63, pp. 30-41.

The third example is the African Swine Fever (ASF) Gap Analysis Workshop African Swine Fever
organized in Sardinia, Italy, April 2018. The report from this workshop Gap Awssts Repe
(https://go.usa.gov/xPfWr) was instrumental in setting the research agenda and '

activities of the Global ASF Research Alliance (http:/www.ars.usda.gov/GARA).

Importantly, the report also provides information on the gaps in the scientific

information and tools available for controlling ASF, and a list of research

priorities for addressing those gaps. This information is critical in guiding

funding agencies as well as the establishment of strategic research Reaanrch Alliance
collaborations within the GARA.
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The fourth example is the Heartwater Gap Analysis Workshop organized in
Guadeloupe, October 2018. The report from this workshop
(https://go.usa.gov/xVszZ) provides a comprehensive assessment of the current
scientific knowledge and the available countermeasures to effectively control
and mitigate the impact of a heartwater outbreak in new geographical areas, as .
well as support global control and eradication initiatives in heartwater- L
endemic countries. One of the key outcomes from this workshop was the .
establishment of a strategic collaboration between the ARS Animal Diseases
Research Unit in Pullman, Washington, and CIRAD and CaribVET in the
Caribbean.

Heartwater
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The reports from gap analyses conducted by USDA-ARS provided research priorities and
anticipated products that are expected from the research and now serve to help measure the
national program’s progress during the last 5 years in meeting the needs of animal producers,
researchers, and action and regulatory agencies. The following list of anticipated products from
the Action Plan is followed by the expected impact of the research and a sampling of relevant
accomplishments.

Anticipated Products from the Action Plan:

e New solutions to prevent economic losses from foreign animal diseases in agricultural
and wildlife species.

e Effective countermeasures to prevent and eliminate the threat of zoonotic diseases in
agricultural and wildlife species.

e Scientific information to establish on-farm practices that will maximize “biosecurity” to
protect farms from naturally or intentionally introduced pathogens that threaten food
security, farm productivity, and the trade and export of agricultural products.

e Experimental animal disease models that will serve the veterinary and public health
research communities to significantly shorten the timelines for developing breakthrough
medicines and disease prevention tools.

e Integrated predictive modeling capability for emerging and/or intentionally released
infectious diseases of animals and the collection of data to support these models.

e Novel detection systems and broad spectrum vaccines and biotherapeutics to counter the
threat of emerging diseases or engineered biological weapons.

¢ Novel countermeasures against the natural or intentional introduction of agricultural

threats, including new methods for detection, prevention, and characterization of high-
consequence agents.

New pathogens associated with emerging diseases identified.

Predictors of emerging livestock diseases.

Methods to rapidly detect and characterize the etiology of new and emerging diseases.
Tools and expertise to control emerging diseases and rapidly implement intervention
strategies to respond to new disease outbreaks.

Impact:
The biodefense research program yields scientific information on disease transmission,
pathogenesis, and the discovery of veterinary medical countermeasures to enable the detection,
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control and eradication of high consequence foreign animal diseases and/or new emerging
diseases of animals and humans.

COMPONENT 1: SELECTED ACCOMPLISHMENTS

Problem Statement 1A: Foreign Animal Diseases

USDA Speeds Development of Bird Flu Vaccine

During December 2014-June 2015, the United States experienced a high pathogenicity avian
influenza (HPAI) outbreak with devastating consequences for the poultry industry resulting in
the death of over 45 million chickens and turkeys. ARS developed, in record time, an effective
vaccine against the HPAI virus strains that caused the outbreak. Although these HPAI viruses
were not the cause of any human deaths, concerns remain that these viruses could mutate and
become more harmful. Vaccines constitute a critical veterinary medical countermeasure to
respond to biological threats such as avian influenza viruses. Currently, no vaccines for HPAI are
licensed or permitted in the United States. The use of HPAI vaccines is dependent on our ability
to rapidly develop vaccines with good efficacy against the virus strains that are the cause of the
disease outbreak. In response to the first detections of new HPAI viruses (HSN8 and H5N2) in
wild waterfowl and captive raptors in the United States in December 2014, ARS refocused its
entire team of scientists working on avian influenza research to the most imminent research
needs to address the U.S. outbreak, including the rapid development of a vaccine for emergency
use. Within weeks, scientists at the U.S. National Poultry Research Center, Athens, Georgia,
rapidly engineered a vaccine (rg-H5 vaccine) using reverse genetics technology that matched the
H5N2 and HSN8 HPALI viruses that were the cause of the disease outbreak. The power of the
reverse genetics technology is twofold. First, it allowed the manipulation of the genes to change
the high pathogenic hemagglutinin (HA) gene from its typical amino acids to having a sequence
similar to Low Pathogenic Avian Influenza (LPAI) viruses. This allows the change of a HPAI
virus into a LPAI virus for safe production without affecting the efficacy of the vaccine virus.
The second factor is that it allowed the creation of a unique vaccine virus by swapping the HA
gene with the one that matches the HA genes causing the disease outbreak. ARS with the support
of the ARS Office of Technology Transfer and APHIS developed and implemented in record
time a technology transfer plan that enabled the transfer of the rg-H5 vaccine to a commercial
partner for development and production.

Scientific Publications:

Bertran K, Balzli C, Lee DH, Suarez DL, Kapczynski DR, Swayne DE. 2017. Protection of
White Leghorn chickens by U.S. emergency H5 vaccination against clade 2.3.4.4 H5SN2 high
pathogenicity avian influenza virus. Vaccine. 35(46):6336-6344. doi:
10.1016/j.vaccine.2017.05.051. https://doi.org/10.1016/j.vaccine.2017.05.051

Kapczynski DR, Pantin-Jackwood MJ, Spackman E, Chrzastek K, Suarez DL, Swayne DE.
2017. Homologous and heterologous antigenic matched vaccines containing different HS
hemagglutinins provide variable protection of chickens from the 2014 U.S. HSN8 and H5N2
clade 2.3.4.4 highly pathogenic avian influenza viruses. Vaccine. 35(46):6345-6353. doi:
10.1016/j.vaccine.2017.04.042. https://doi.org/10.1016/j.vaccine.2017.04.042
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Discovering Why Some Avian Influenza Vaccines Fail

Vaccination is critical in protecting birds, animals, and people in developing countries like
Indonesia where the HSN1 highly pathogenic avian influenza virus has become endemic.
Indonesia has implemented a vaccination program, but some of its commercial vaccines have
failed to protect poultry. An international collaboration of government officials, regulators, and
scientists—including a team from the U.S. National Poultry Research Center, Athens, Georgia,
investigated outbreaks in Indonesian flocks that were vaccinated. The team evaluated 14
Indonesian licensed vaccines to identify the seed strain—type of virus—included in the vaccines
and variant field viruses to find out why these vaccines were failing. The results of this study
showed that 11 of the 14 vaccines contained the manufacturer’s listed vaccine seed strains, but 3
vaccines contained different seed strains than the ones listed on the label. Scientists immunized
chickens with each of the 14 vaccines and found that protection varied greatly. Tests showed
some vaccines contained a lot of antigens and some had only a little. The antigen, a protein from
the virus, allows birds to produce antibodies to build up immunity. Vaccinated birds were
challenged with three different field viruses. All vaccines protected against one of the viruses,
some protected against the second virus, and none protected against the third. This research
demonstrated the need to evaluate vaccines often and replace vaccine seed strains with more
effective ones as new field viruses emerge that are resistant to older vaccines. Improving
vaccines and ensuring they work not only helps control avian influenza outbreaks, but also adds
new vaccines to the U.S. emergency stockpile.

Scientific Publication:

Swayne DE, Suarez DL, Spackman E, Jadhao S, Dauphin G, Kim-Torchetti M, McGrane J,
Weaver J, Daniels P, Wong F, Selleck P, Wiyono A, Indriani R, Yupiana Y, Sawitri Siregar E,
Prajitno T, Smith D, Fouchier R. 2015. Antibody titer has positive predictive value for vaccine
protection against challenge with natural antigenic-drift variants of HSN1 high-pathogenicity
avian influenza viruses from Indonesia. J Virol. 89(7):3746-62.
https://doi.org/10.1128/JV1.00025-15

HI9N2 Low Pathogenic Avian Influenza Viruses with Zoonotic Potential in Pakistan
Significant economic losses from bird mortality and decreased egg production have resulted
from HIN2 low pathogenic avian influenza virus (LPAIV) infections in poultry across North
Africa, the Middle East and Asia. This group of viruses has also caused sporadic infections in
mammalian species, including human beings, and has been associated with some specific genetic
changes that suggests increasing pandemic potential. The HON2 LPAIVs have been endemic in
Pakistani poultry since 1996, but no new viruses have been reported since 2010. Because novel
genotypes of Pakistani HON2 contain mammalian host-specific markers, recent surveillance is
essential to better understand any continuing public health risk. ARS scientists at the U.S.
National Poultry Research Center, Athens, Georgia, in collaboration with Pakistani scientists
reported this year the characterization of four new HON2 LPAIVs, three from 2015 and one from
2012. All of the viruses tested in this study belonged to viruses originating in the Middle East.
Importantly, these viruses all contained mammalian host-specific markers, suggesting that
Pakistan avian HON2 viruses have the capacity to infect mammals. Continued active surveillance
in poultry and mammals is needed to monitor the spread and understand the potential for
zoonotic infections by these HON2 LPAIVs.
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Scientific Publication:

Lee DH, Swayne DE, Sharma P, Rehmani SF, Wajid A, Suarez DL, Afonso C. 2016. HON2 low
pathogenic avian influenza in Pakistan (2012-2015). Vet Rec Open.;3(1):e000171. doi:
https://doi.org/10.1136/vetreco-2016-000171

Efficacy of Two Licensed H5 Vaccines Against Challenge with a 2015 United States H5N2
clade 2.3.4.4 Highly Pathogenic Avian Influenza Virus in Domestic Ducks

Highly pathogenic avian influenza (HPAI) clade 2.3.4.4 viruses caused a major outbreak in
poultry in the United States in 2015. Although the outbreak was controlled, vaccines were
considered as an alternative control method and new vaccines were approved and purchased by
the U.S. National Veterinary Stockpile for emergency use. ARS researchers at the U.S. National
Poultry Research Center, Athens, Georgia, evaluated the efficacy of two of these vaccines in
protecting Pekin ducks against challenge with a HSN2 HPAI poultry isolate. A recombinant
alphavirus-based vaccine and an inactivated adjuvanted reverse genetics vaccine (originally
developed by ARS and transferred to a commercial partner for manufacturing and stockpiling)
were used to immunize the ducks. Both vaccines, regardless of the vaccination strategy used,
reduced or prevented disease and virus shedding after challenge. This information is important to
prepare and control avian influenza in domestic ducks should another outbreak with HSN2 clade
2.3.4.4 occur in the United States.

Scientific Publication:

Pantin-Jackwood MJ, Delesus E, Costa-Hurtado M, Smith D, Chrzastek K, Kapczynski DR,
Suarez DL. 2019. Efficacy of Two Licensed Avian Influenza H5 Vaccines Against Challenge
with a 2015 U.S. H5N2 clade 2.3.4.4 Highly Pathogenic Avian Influenza Virus in Domestic
Ducks. Avian Dis. 63(1):90-96. doi: 10.1637/11895-050918-Reg.1.
https://doi.org/10.1637/11895-050918-Reg.1

Newcastle Disease Virus that was the Cause of the 2018 California Outbreak is Similar to the
Virus that Caused the Outbreak in 2002

Virulent Newcastle disease is a foreign animal disease of poultry and three outbreaks (1971-
1974, 2002-2003, and 2018-2020) have occurred in the United States in the last century with the
last outbreak currently ongoing in California. These outbreaks have cost several hundreds of
millions of dollars to control. To better determine the risks presented by the current California
virulent Newcastle disease virus, ARS researchers at the U.S. National Poultry Research Center,
Athens, Georgia, conducted studies to compare the virulence and transmission dynamics of the
current outbreak strain with the previous 2002 virus. It was concluded that the new Newcastle
disease virus presents characteristics that are consistent with a highly virulent velogenic virus
that is highly similar to the California 2002 virus. This study is important to researchers and
response agencies as it provides key insights into the risk of the present outbreak and
demonstrates that previous studies conducted by ARS researchers on the California 2002 virus is
still valid.
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Scientific Publication:

Dimitrov KM, Ferreira HL, Pantin-Jackwood MJ, Taylor TL, Goraichuk IV, Crossley BM,
Killian ML, Bergeson NH, Torchetti MK, Afonso CL, Suarez DL. 2019. Pathogenicity and
transmission of virulent Newcastle disease virus from the 2018-2019 California outbreak and
related viruses in young and adult chickens. Virology. 2019 May;531:203-218. doi:
10.1016/j.virol.2019.03.010. https://doi.org/10.1016/j.virol.2019.03.010

African Swine Fever Virus Experimental Vaccine Confers Protection Against a Virulent Virus
Challenge

African swine fever virus (ASFV) is the etiological agent of a contagious and often lethal disease
of domestic pigs that has significant economic consequences for the swine industry. The control
of African Swine Fever (ASF) has been hampered by the unavailability of vaccines. ASFV is one
of the largest viruses known, and the function of the large majority of the viral genes are
unknown. Experimental vaccines have been developed using genetically modified-live
attenuated ASFV where viral genes were removed from the genome. However, to date, none of
these viruses have proven to be fully attenuated or effective. ARS scientists at the Plum Island
Animal Disease Center, Orient Point, New York, have engineered a recombinant virus by
specifically deleting six genes thought to be associated with virulence. Studies conducted in pigs
showed that when this recombinant virus was inoculated in pigs, the virus was completely
attenuated and did not cause disease. Importantly, when these animals were subsequently
exposed to highly virulent ASFV strain, no signs of the disease were observed. This is the first
report demonstrating the role of these genes acting as independent determinants of ASFV
virulence. Additionally, this is the first experimental vaccine reported to induce protection when
challenged against this very virulent strain.

Scientific Publication:

O'Donnell V, Holinka LG, Krug PW, Gladue DP, Carlson J, Sanford B, Alfano M, Kramer E, Lu
Z, Arzt J, Reese B, Carrillo C, Risatti GR, Borca MV. 2015. African Swine Fever Virus Georgia
2007 with a Deletion of Virulence-Associated Gene 9GL (B119L), when Administered at Low
Doses, Leads to Virus Attenuation in Swine and Induces an Effective Protection against
Homologous Challenge. J Virol. 89(16):8556-66. doi: 10.1128/JV1.00969-15. Epub 2015 Jun 10.
https://jvi.asm.org/content/89/16/8556.short

Using Gene-Editing as a Tool to Engineer an African Swine Fever Vaccine

African swine fever (ASF) is a deadly disease causing near 100% mortality in swine, trade
restrictions and significant economic losses globally. The current threat for an introduction of
ASF into the United States has never been higher. Since the introduction of ASF into the
Republic of Georgia in 2007, 16 countries have reported new ASF outbreaks, including Belgium
and China in 2018. Currently there is no commercially available vaccine to prevent this
devastating disease. African swine fever is a large and complex double stranded DNA virus.
After more than 50 years of research, there are no efficient molecular tools available to help
develop a safe and effective live recombinant ASF vaccine. ARS scientists at the Plum Island
Animal Disease Center in Orient Point, New York, investigated the use of the “CRISPR-Cas9”
gene-editing system as a potentially more robust and efficient system to produce live
recombinant ASF viruses. Gene editing is a new type of genetic engineering in which DNA can
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be directly inserted, deleted, modified or replaced in the genome of a living organism. Unlike
early genetic engineering techniques that randomly inserts genetic material into a host genome,
genome editing directs the modification to site specific location. Using the CRISPR-Cas9
system, a recombinant ASF virus was successfully developed in record time compared to the use
of traditional genetic engineering techniques. These results demonstrate the potential advantage
of using CRISPR/Cas9 over traditional methods and should significantly improve our ability to
develop a first generation modified live ASF vaccine.

Scientific Publication:

Borca MV, Holinka-Patterson LG, Berggren K, Gladue, DP. 2018. CRISPR-Cas9, a tool to
efficiently increase the development of recombinant African swine fever viruses. Scientific
Reports. 8:3154 DOI:10.1038/s41598-018-21575-8. https://doi.org/10.1038/s41598-018-21575-8

New Vaccine to Fight Deadly African Disease in Pigs

African Swine Fever Virus (ASFV) is a deadly disease affecting swine, causing near 100%
mortality, trade restrictions and significant economic losses globally. As its name indicates, the
disease occurs in Africa. However, in 2007 the disease appeared in the Caucasus (Republic of
Georgia), and has subsequently spread into Russia and the Ukraine. ASFV continues to spread
and 1s now present in multiple countries of Eastern Europe, including Poland and most recently
the Czech Republic, posing an imminent threat to the European and global swine industries.
Currently there are no vaccines to protect swine against ASFV. Therefore, ARS scientists at the
Plum Island Animal Disease Center, Orient, New York, have developed an improved live
vaccine that is safe and can protect swine as early as 2 weeks post vaccination. This is the first
experimental vaccine shown to induce early protection against ASFV in swine. This vaccine
could be used globally to protect swine from this deadly disease and also safeguard the U.S. pork
industry against the increasing incursions of this devastating disease.

Scientific Publication:

O'Donnell V, Risatti GR, Holinka-Patterson LG, Krug PW, Carlson J, Velazquez-Salinas L,
Azzinaro P, Gladue DP, Borca MV. 2017. Simultaneous deletion of the 9GL and UK genes from
the African swine fever virus Georgia 2007 isolate results in virus attenuation and may be a
potential virus vaccine strain. Journal of Virology. 91(1):e01760-16.
https://doi.org/10.1128/JV1.01760-16

African Swine Fever (ASF) Candidate Vaccines Transferred to Industry for Research and
Development

African swine fever was considered a disease of sub-Saharan Africa. However, in 2007, a very
virulent viral strain of ASF was introduced into the Republic of Georgia. Subsequently, the virus
(Georgia 2007) started to spread to the Russian Federation, reached the European Union in 2014,
and in 2018, the disease reached the world’s largest pig producer, China. Thus, the disease has
conquered three continents over the last decade and ASF now has an unprecedented geographical
scope and poses a major threat to the U.S. swine industry. There is no vaccine available for ASF
and the control of the disease is strictly dependent on animal quarantine, biosecurity measures,
and slaughter. This presents a major gap in the availability of veterinary medical
countermeasures to effectively prevent, control, and eradicate an ASF outbreak. A notable
accomplishment in 2019 was the successful development and transfer of ASF candidate vaccines
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by ARS scientists to five pharmaceutical companies. Important milestones included the
submission of patents to the U.S. Patent and Trademark Office, five U.S. Government Patent and
Biological Material Licenses, and one Cooperative Research and Development Agreement
(CRADA). These important milestones set the stage to begin the process of developing the first
safe and effective commercial ASF vaccine.

Scientific Publications:

O’Donnell V, Holinka LG, Gladue DP, Sanford B, Krug PW, Lu X, Arzt J, Reese B, Carrillo C,
Risatti GR, Borca MV. 2015. African swine fever virus Georgia isolate harboring deletions of
MGF360 and MGF505 genes is attenuated in swine and confers protection against challenge
with virulent parental virus. J Virol. 89:6048 —6056. doi:10.1128/JVI.00554-15.
https://jvi.asm.org/content/89/11/6048.short

O’Donnell V, Holinka LG, Krug PW, Gladue DP, Carlson J, Sanford B, Alfano M, Kramer E,
Lu Z, Arzt J, Reese B, Carrillo C, Risatti GR, Borca MV. 2015. African swine fever virus
Georgia 2007 with a deletion of virulence-associated gene 9GL (B119L), when administered at
low doses, leads to virus attenuation in swine and induces an effective protection against
homologous challenge. J Virol. 89:8556 —8566. d0i:10.1128/JVI.00969-15.
https://jvi.asm.org/content/89/16/8556.short

O'Donnell V, Risatti GR, Holinka-Patterson LG, Krug PW, Carlson J, Velazquez-Salinas L,
Azzinaro P, Gladue DP, Borca MV. 2017. Simultaneous deletion of the 9GL and UK genes from

the African swine fever virus Georgia 2007 isolate offers increased safety and protection against
homologous challenge. Journal of Virol. 91(1):e01760-16. https://doi.org/10.1128/JVI.01760-16

News Announcements:

“USDA to grant license for an experimental African swine fever vaccine”
https://www.nationalhogfarmer.com/agenda/usda-grant-license-experimental-african-swine-
fever-vaccine

“USDA to grant exclusive license to develop ASF vaccine”
https://www.meatpoultry.com/articles/20321-usda-to-grant-exclusive-license-for-asf-vaccine

Recoding Classical Swine Fever Virus (CSFV) Structural Glycoprotein E2 and its Potential as
a Vaccine Candidate

A DNA codon is a series of three nucleotides that codes for specific amino acids, which are the
building blocks that comprise proteins. Some amino acids have more than one codon, resulting in
what is called synonymous codon usage. Relative synonymous codon usage (RSCU) refers to the
phenomenon during which some synonymous codons are used more often than others. ARS
scientists at the Plum Island Animal Disease Center, Orient Point, New York, determined that
the E2 glycoprotein, a determinant of virulence of the classical swine fever virus (CSFV), had a
similar codon usage as pigs (Sus scrofa), its natural host. They explored the effect of just
switching native codons in E2 for the less frequently used codons. Their studies showed that
changing to synonymous codons in E2 resulted in the full attenuation of CSFV in pigs and
demonstrating that the genetically-altered CSFV no longer caused disease. This phenomenon is
thought to occur because changing the codon impacts the ability of the gene to be expressed.
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Interestingly, when ARS scientists explored the potential use of this phenomenon to generate a
vaccine strain, they found that the altered virus was able to protect animals against the disease.
By using synonymous codons and not changing a single amino acid, this potential vaccine leaves
all natural antigenic epitopes intact. The benefits of producing vaccines using this technology is
that the antigenic profile of the virus remains intact, which is important for inducing a protective
immune response. Additionally, by changing the nucleotide composition, genetic markers are
now available that could be used to differentiate between vaccinated and infected animals.

Scientific Publication:

Velazquez-Salinas L, Risatti GR, Holinka LG, O’Donnell V, Carlson J, Alfano M, Rodriguez
LL, Carrillo C, Gladue DP, Borca MV. 2016. Recoding structural glycoprotein E2 in classical
swine fever virus (CSFV) produces complete virus attenuation in swine and protects infected
animals against disease. Virology 494: 178-189. http://dx.doi.org/10.1016/j.virol.2016.04.007

Understanding the Mechanisms that Drive Persistent Infections in Foot-and-Mouth Disease
Infected Cattle

Foot-and-Mouth Disease Virus (FMDV) is one of the most infectious disease of animals and
impacts food security in much of the world. A key challenge in the control of FMDYV is that 50
percent of vaccinated cattle become persistently infected. Persistent FMDV infection in cattle is
largely responsible for the massive depopulation of animals because of the fear that these
animals, although asymptomatic with no clinical signs, may spread FMDV and infect other
animals. There is currently very little knowledge about the mechanisms
that lead to this carrier stage. Tissues obtained post-mortem from cattle
persistently infected with FMDV were analyzed by ARS scientists at
the Plum Island Animal Disease Center, Orient Point, New York, to
characterize the tissue-specific localization of FMDYV and assess the
expression of genes associated with the host immune response.
Analysis of 28 distinct anatomic sites from 21 steers infected with
FMDYV had the highest prevalence of overall viral detection in the
dorsal nasopharynx and dorsal soft palate. FMDV was less frequently Shedding of FMDV from the naso-
detected in laryngeal mucosal tissues, oropharyngeal mucosal sites, and  pharyngeal epithelium of asymptom-
lymph nodes draining the pharynx. Within persistently infected atic carrier cattle.

mucosal tissues, FMDV antigens were rarely detectable within few

epithelial cells in regions of mucosa-associated lymphoid tissue. Assessment of the genes

associated with the host immune response of persistently infected pharyngeal tissues, indicated a
general trend of decreased gene expression for 14 genes compared to uninfected control animals.
Overall, this study demonstrated that during the FMDYV carrier state in cattle, viral persistence is
associated with epithelial cells of the nasopharynx in the upper respiratory tract and decreased

levels of expression of several genes associated with the immune response in the infected tissues.

In another study, ARS scientists reported in the Journal of Virology new aspects of viral
persistence and host mechanisms associated with chronic asymptomatic FMDYV infection. One
key finding was that the divergence between carrier animals and FMDV-free animals occurs as
early as 10 days post infection. These findings provide new insights into paths that may be taken
to develop vaccines that could prevent FMDV carrier animals.
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Studying viral persistence of FMDV, ARS scientists investigated whether oral fluids from
persistently infected cattle could transmit FMDYV to cattle and pigs. Results from these studies
showed that naive cattle inoculated orally with fluids harvested from carrier animals developed
clinical FMDV. In contrast, pigs exposed by inoculation of the same fluid samples harvested
from the same persistently infected carrier cattle did not develop FMDV. These findings indicate
that there is demonstrable contagion for cattle associated with FMDYV carrier cattle. The results
from this investigation provide new information that should improve response plans for FMDV
control and eradication.

In a follow up study, ARS scientists investigated the potential for transmission of FMDV from
persistently infected cattle to naive cattle under typical husbandry conditions. Results from a
research collaboration with FMD scientists in Vietnam showed that no transmission occurred
during six months of contact between FMD carrier and naive cattle. These results will inform
FMD response policy in the event of a large-scale outbreak. The average duration of the carrier
state in this study was 27.7 months. The results of this study suggest that the duration of
persistent infection in cattle may be longer than previously recognized, but the risk of
transmission is low. Additionally, ARS evaluated one carrier animal for 12 months and fully
sequenced the genome of seven viruses recovered from that animal during the study period. The
analysis of the genome sequence of these seven viruses showed that a number of mutations
occurred during the carrier stage. This was the first report of complete sequences of FMDV
isolated from one persistently infected animal under natural conditions.

Scientific Publications:

Stenfeldt C, Eschbaumer, M, Rekant, SI, Pacheco, JM, Smoliga, GR, Hartwig, EJ, Rodriguez
LL, Arzt J. 2016. The Foot-and-Mouth Disease Carrier State Divergence in Cattle. J Virol.
90(14):6344-64. https://doi.org/10.1128/JVI.00388-16

Pauszek SJ, Eschbaumer M, Brito B, Ferreira De Carvalho HC, Vu LT, Phuong NT, Hoang BH,
Tho ND, Tung N, Thuy NT, Long NT, Dung DH, Rodriguez LL, Arzt J. 2016. Site-specific
substitution (Q172R) in the VP1 protein of subclinical FMDYV isolates collected from
asymptomatic carrier ruminants in Vietnam. Virology Reports. 6:90-96.
https://doi.org/10.1016/].virep.2016.10.001

Stenfeldt C, Eschbaumer, M, Smoliga, GR, Rodriguez, LL, Zhu, J, Arzt J. 2017. Clearance of a
persistent picornavirus infection is associated with enhanced pro-apoptotic and cellular immune
responses. Sci Rep7(1):17800. DOI:10.1038/s41598-017-18112-4.
https://doi.org/10.1038/s41598-017-18112-4

Brito B, Pauszek SJ, Eschbaumer M, Stenfeldt C, De Carvalho Ferreira H, Vu LT, Phuong NT,
Hoang BH, Tho ND, Dong PV, Minh PQ, Long NT, Dung DH, Rodriguez LL, Arzt J. 2017.
Phylodynamics of foot-and-mouth disease virus O/PanAsia in Vietnam 2010-2014. Veterinary
Research. 48:24. https://doi.org/10.1186/s13567-017-0424-7

Arzt J, Belsham GJ, Lohse L, Botner A, Stenfeldt C. 2018. Transmission of foot-and-mouth
disease from persistently infected carrier cattle to naive cattle via transfer of oropharyngeal fluid.
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Protecting livestock producers from the threat of foot-and-mouth disease

Foot-and-mouth disease (FMD), a highly contagious disease affecting cloven-hoofed animals
such as cattle, pigs and small ruminants is considered a major global threat to animal agriculture.
Although FMD was eradicated from the United States in 1929, it has been estimated that a
reintroduction would result in $200 billion in lost revenue over 10 years. While FMD diagnostics
and vaccines have been used effectively in controlling the disease, significant gaps remain in the
availability of effective veterinary medical countermeasures suited for use in the United States.
Therefore, ARS scientists working at the Plum Island Animal Disease Center (PIADC), Orient
Point, New York, have dedicated resources and made significant breakthroughs in developing
new improved veterinary countermeasures to detect, prevent, and control FMD should an
incursion ever occur in the United States. The first is an attenuated vaccine platform called the
“leaderless” FMDLL3B3D vaccine. This vaccine mimics the immune response of commercially
available inactivated FMD vaccines, which are made with virulent wild type virus strains. But
unlike commercial FMD vaccines, the FMDLL3B3D vaccine virus strains are fully attenuated;
thus enabling their safe production in the United States. The importance of the vaccine is that its
beneficial immune capability is created without the risk of potentially causing a devastating
FMD outbreak should the vaccine virus escape from a manufacturing facility. Furthermore, the
FMDLL3B3D vaccine virus platform was genetically-engineered with two negative markers to
allow the differentiation of infected from vaccinated animals (DIVA). Such differentiation is
paramount in the recovery phase of a disease outbreak to establish disease free status and obtain
approval to resume the export of agricultural products. This FMD vaccine is now in the advanced
development phase with a commercial partner, with approval from regulatory authorities for
manufacturing and distribution expected within two years. The second breakthrough is a novel
DIV A companion diagnostic test for the FMDLL3B3D vaccine that was developed through a
consortium of academic, industry, and federal agencies comprised of APHIS, ARS, and U.S.
Department of Homeland Security scientists working at the PIADC. This is the first licensed
FMD diagnostic kit approved for manufacturing on the U.S. mainland. Together, the
FMDLL3B3D vaccine and companion diagnostic test kit increase national security by providing
animal health first responders with important new tools to mitigate the potentially catastrophic
economic impact of an FMD outbreak.

Scientific Publication:

Chung CJ, Clavijo IL, Bounpheng MA, Uddowla S, Sayed A, Dancho B, Olesen IC, Pacheco J,
Kamicker BJ, Brake DA, Bandaranayaka-Mudiyanselage CL, Lee SS, Rai DK, Rieder E. 2018.
An improved, rapid competitive ELISA using a novel conserved 3B epitope for the detection of
serum antibodies to foot-and-mouth disease virus. Journal of Veterinary Diagnostic
Investigation. 30(5):699-707. https://doi.org/10.1177/1040638718779641

Study Reveals Pigs Can Transmit Foot-and-Mouth Disease Virus Prior to Signs of Sickness
Foot-and-mouth disease (FMD) virus spreads much more aggressively in pigs than previous
research suggested, according to ARS scientists at the Plum Island Animal Disease Center,
Orient Point, New York. The new study showed that pigs were able to infect other pigs just 24
hours after being themselves infected with the FMD virus, long before showing any clinical
signs. Prior to this research, it was believed that FMD transmission in pigs did not occur before
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visible signs of illness. Therefore, previous disease-dynamics models to predict disease impacts
and estimate outbreak resource requirements did not account for the impact of preclinical
transmission. Working with scientists at the Center for Epidemiology and Animal Health, USDA
APHIS, ARS scientists used a mathematical modeling approach to estimate the impact of FMD
preclinical transmission amongst pigs. With this new information, the models showed FMD
outbreaks in the U.S. pig production sector would result in a 40-percent increase in the number
of farms affected over previous estimates. That translates into 166 additional farms and more
than 664,000 pigs euthanized compared to the previous models. Failure to account for
information like this could make the difference between a limited, well-controlled FMD outbreak
in the United States with a cost of $3 million over two months as opposed to a catastrophic
nationwide epidemic with a cost of $20 billion over one year. Infectious disease modeling is a
critical part of preparedness and protection of U.S. livestock. Research such as this provides
critical information to help build better models to protect livestock industries from FMD.

Scientific Publications:

Stenfeldt C, Pacheco J, Brito B, Moreno-Torres K, Branan M, Delgado A, Rodriguez L, Arzt J.
2016. Transmission of foot-and-mouth disease virus during the incubation period in pigs.
Frontiers in Veterinary Science 3(105). https://doi.org/10.3389/fvets.2016.00105

Arzt J, Branan M, Delgado A, Moreno-Torres K, Yadav, S, Stenfeldt C. 2019. Quantitative
impacts of incubation phase transmission of foot-and-mouth disease virus. Scientific Reports.
9:2707. https://doi.org/10.1038/s41598-019-39029-0

Susceptibility of White-Tailed Deer to Rift Valley Fever Virus

Rift Valley fever virus (RVFV), a zoonotic arbovirus, poses major health threats to livestock and
humans if introduced into the United States. Although domestic cattle, sheep, and goats are
susceptible to RVFV and function as amplification hosts during epidemics, the potential role of
wildlife species such as white-tailed deer is unknown. Since white-tailed deer are abundant
throughout the country, there is concern they could also serve as an amplifying host and become
a reservoir and source of infection for livestock and humans. ARS scientists at the Arthropod-
borne Animal Diseases Research Unit (ABADRU), Manhattan, Kansas, in collaboration with
Kansas State University scientists, investigated the susceptibility of deer to RVFV and confirmed
their susceptibility to this virus. Importantly, infected deer developed hemorrhagic enteritis and
bloody diarrhea, resulting in horizontal transmission to control animals. The results of this
investigation provide evidence for a potentially major epidemiologic role for white-tailed deer if
an outbreak of RVFV ever occurred in the United States.

Scientific Publication:

Wilson WC, Kim I, Trujillo J, Sunwoo S, Noronha LE, Urbaniak K, Mcvey DS, Drolet BS,
Morozov I, Faburay B, Schirtzinger EE, Koopman T, Indran S, Balaraman V, Richt J. 2018.
Susceptibility of White-Tailed Deer to Rift Valley Fever Virus. Emerging Infectious Diseases.
24(9):1705-1707. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6106403/

ARS Workforce Development: Creating the Next Generation of Biodefense Researchers
In fiscal year 2019, ARS created Workforce Development training agreements with the Auburn
University, the University of Connecticut and the University of Minnesota. All three Universities
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are new National Bio and Agro-defense Facility (NBAF) training partners with ARS. These
agreements provided support for four new trainees in immunology/vaccinology, epidemiology
and disease pathogenesis. The goal of this program is to provide a cadre of qualified scientists
who will be competitive for NBAF positions when they become available. There are seven
trainees currently in place at Mississippi State University and Kansas State University. ARS
scientists are collaboratively involved in all of these research training projects. ARS held a
research symposium for the workforce development trainees, and their USDA and University
mentors in Manhattan, Kansas, on August 27, 2019, which provided trainees the opportunity to
visit Manhattan, tour the NBAF and provide updates on their scientific projects as well as meet
USDA leadership.

Reference:
National Bio and Agro-Defense Facility (NBAF) Workforce Development
https://www.ars.usda.gov/research/project/?accnNo=433706

Problem Statement 1B: Emerging Diseases

Global Migration of Influenza A Viruses in Swine

The emergence of the 2009 A/HIN1 pandemic virus underscores the importance of
understanding how influenza A viruses evolve in swine on a global scale. To reveal the
frequency, patterns and drivers of the spread of swine influenza virus globally, ARS scientists at
the National Animal Disease Center, Ames, lowa, conducted the largest genetic analysis of
swine influenza viruses undertaken to date, integrating demographic and swine trade data. Using
genetic and modeling approaches, ARS scientists demonstrated the importance of the
asymmetrical global live swine trade on the evolution of influenza virus diversity. The size of a
country’s swine population was not found to be an important independent factor, as exemplified
by China, which hosts the world’s largest swine population but has relatively little outgoing
swine trade and does not appear to be a major source of viral diversity in neighboring Asian
countries or globally. Rather, Japan, Thailand, Vietnam, and South Korea independently import
influenza viruses from Europe and North America via long-distance live swine trade. As an
extension of these observed patterns, ARS scientists built a population simulation model for the
global spread of swine influenza viruses that incorporated trade data and could estimate the
likelihood of emergence of the HIN1 pandemic virus in swine in the years leading up to 2009.
ARS scientists found that the evolution of swine influenza viruses is most likely to occur in East
and South-East Asia. Knowledge of the global linkages between swine influenza virus
populations has important implications for designing efficient surveillance strategies in resource-
limited settings and predicting future disease threats.

Scientific Publications:

Lewis NS, Russell CA, Langat P, Anderson TK, Berger K, Bielejec F, Burke DF, Dudas G,
Fonville JM, Fouchier RA, Kellam P, Koel BF, Lemey P, Nguyen T, Nuansrichy B, Peiris JM,
Saito T, Simon G, Skepner E, Takemae N; ESNIP3 consortium, Webby RJ, Van Reeth K,
Brookes SM, Larsen L, Watson SJ, Brown IH, Vincent AL. 2016. The global antigenic diversity
of swine influenza A viruses. Elife. 5:¢12217. doi:10.7554/eLife.12217.
https://doi.org/10.7554/eLife.12217.002
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Walia RR, Anderson TK, Vincent AL. 2019. Regional patterns of genetic diversity in swine
influenza A viruses in the United States from 2010 to 2016. Influenza Other Respir Viruses.
13(3):262-273. doi: 10.1111/irv.12559. https://doi.org/10.1111/irv.12559

Chang J, Anderson TK, Zeller MA, Gauger PC, Vincent AL. 2019. octoFLU: Automated
Classification for the Evolutionary Origin of Influenza A Virus Gene Sequences Detected in U.S.
Swine. Microbiol Resour Announc. 8(32). pii: €00673-19. doi: 10.1128/MRA.00673-19.
https://doi.org/10.1128/MRA.00673-19

A New United States Swine Pathogen Database

In recent years, several deadly viral diseases of pigs have emerged in the United States causing
hundreds of millions of dollars in economic damages. In order to effectively respond to these
diseases or detect new disease incursions or viral variants, it is critical to have a database of
currently circulating viral genetic sequences and associated tools to analyze the sequences. ARS
scientists at the National Animal Disease Center, Ames, Iowa, created such a database
(https://swinepathogendb.org) for porcine reproductive and respiratory syndrome virus,
Senecavirus A, and porcine epidemic diarrhea virus using nucleotide sequences and related
metadata found in GenBank, part of the United States National Center for Biotechnology
Information, and from clinical cases detected by key veterinary laboratories. Presently, the South
Dakota Animal Disease Research and Diagnostic Laboratory, the Iowa State Veterinary
Diagnostic Laboratory and the Kansas State University Veterinary Diagnostic Laboratory have
submitted over 2000 sequences. A suite of web-based tools allows stakeholders, researchers and
veterinarians to quickly search for genetic sequence information, identify similar viruses, and
browse virus genomes to inform research and control efforts. Databases such as these will
greatly increase researchers’ understanding of endemic circulating viruses as well as speed
response efforts by quickly identifying new viral variants.

News Announcement:
“United States Swine Pathogen Database.” Pork Checkoff Website
https://www.pork.org/research/united-states-swine-pathogen-database/

Presence of Vaccine-Derived Newcastle Disease Viruses in Wild Birds

Of all the factors influencing disease emergence, likely the most substantial is the loss of
ecological species barriers, permitting opportunistic pathogens access to wildlife. ARS scientists
at the U.S. National Poultry Research Center, Athens, Georgia, in collaboration with University
of Georgia scientists demonstrated the repeated isolation of vaccine-derived Newcastle disease
viruses from different species of wild birds across four continents from 1997 through 2014. The
data indicate that at least 17 species from 10 avian orders occupying different habitats excrete
vaccine-derived Newecastle disease viruses. Examining the extent of vaccine derived Newcastle
disease virus from live vaccines, including recently developed recombinant vaccines, transferred
from poultry into wild birds is crucial because the downstream epidemiological consequences of
such spillovers are still unknown. Circulating live vaccine viruses present additional risks such as
reversion of virulence and recombination with wild-type strains. In addition, the immune
response of wild birds induced by infection with vaccine strains may provide selective pressures
resulting in viral antigenic drift or increased virulence. The finding of live attenuated Newcastle
disease virus vaccines in other avian species provides important evidence that the use of these
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vaccines should be monitored to assess their potential impact on the environment and the
emergence of new viral strains.

Scientific Publication:

Ferreira HL, Taylor TL, Dimitrov KM, Sabra M, Afonso CL, Suarez DL. 2019. Virulent
Newecastle disease viruses from chicken origin are more pathogenic and transmissible to chickens
than viruses normally maintained in wild birds. Vet Microbiol. 235:25-34.
doi:10.1016/j.vetmic.2019.06.004. https://doi.org/10.1016/j.vetmic.2019.06.004

Publication of a Unified Classification and Naming System for New Emerging Newcastle
Disease Viruses

The Newcastle disease virus genome is highly variable due to genetic mutations that results in
viruses that are often unique to a country or region of the world. Several classification systems
have previously been published that have established unique genotypes to describe these
differences, but because of a lack of strict rules governing the establishment of new genotypes, a
single system has not been widely adopted. ARS researchers at the U.S. National Poultry
Research Center, Athens, Georgia, led an effort to establish a consortium of 23 reference and
research laboratories to develop new and consistent naming rules to establish a consistent
naming system. Of importance to the scientific community, this new nomenclature system is
likely to become the de facto standard for genotype naming of new emerging Newcastle disease
viruses, which will improve our ability to predict and understand the cause of future disease
outbreaks.

Scientific Publication:

Dimitrov KM, Abolnik C, Afonso CL, Albina E, Bahl J, Berg M, Briand FX, Brown IH, Choi
KS, Chvala I, Diel DG, Durr PA, Ferreira HL, Fusaro A, Gil P, Goujgoulova GV, Grund C,
Hicks JT, Joannis TM, Torchetti MK, Kolosov S, Lambrecht B, Lewis NS, Liu H, Liu H,
McCullough S, Miller PJ, Monne I, Muller CP, Munir M, Reischak D, Sabra M, Samal SK,
Servan de Almeida R, Shittu I, Snoeck CJ, Suarez DL, Van Borm S, Wang Z, Wong FYK. 2019.
Updated unified phylogenetic classification system and revised nomenclature for Newcastle
disease virus. Infect Genet Evol. 74:103917. doi: 10.1016/j.meegid.2019.103917.
https://doi.org/10.1016/j.meegid.2019.103917

Senecavirus A is One of the Causative Agents of Swine Vesicular Disease

Idiopathic vesicular disease in swine is a diagnosis made when none of the pathogens known to
cause swine vesicular disease [vesicular exanthema virus, swine vesicular disease virus,
vesicular stomatitis virus, and foot-and-mouth disease virus (FMDV)] have been detected in a
clinical case. Occasionally, an emerging virus called Senecavirus A (SVA) has been detected in
cases of idiopathic vesicular disease, raising the possibility that SVA infection could cause
vesicular disease in swine. This assumption was strengthened by the recent emergence of
idiopathic vesicular disease in Brazil and the United States from which there was frequent
detection of SVA. For the first time, ARS scientists at the National Animal Disease Center,
Ames, lowa, in collaboration with scientists at [owa State University have been able to
experimentally induce clinical signs and gross lesions in nursery age pigs inoculated with SVA,
demonstrating a causative relationship between SVA infection and vesicular disease in
susceptible pigs. This is noteworthy because SVA disease is clinically indistinguishable from
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other vesicular diseases of swine, especially FMDV, a highly transmissible livestock disease that
can cause devastating economic losses to farmers. Developing animal disease models is key to
animal health research to understand pathogenicity and disease transmission and test
experimental vaccines that could be used to prevent the disease.

Scientific Publication:

Montiel N, Buckley A, Guo B, Kulshreshtha V, VanGeelen A, Hoang H, Rademacher C, Yoon
KJ, Lager K. 2016. Vesicular Disease in 9-Week-Old Pigs Experimentally Infected with
Senecavirus A. Emerg Infect Dis. 22(7):1246-1248. doi: 10.3201/eid2207.151863.
https://dx.doi.org/10.3201/e1d2207.151863

Early Warning Strategies for Vector-borne Animal Disease Outbreaks

Vesicular stomatitis virus (VSV) is a vector-borne animal pathogen that causes lesions and other
symptoms that are clinically indistinguishable from Foot-and-Mouth Disease and is one of the
most common vesicular diseases affecting livestock (domestic horses, cattle, pigs) throughout
the Americas. VSV is also zoonotic and can cause mild flu symptoms in people. Despite
numerous epidemiological studies, there is currently limited understanding of the factors
responsible for the VSV outbreaks that have occurred in the United States every decade since
1916. VSV is an excellent research model for understanding and potentially predicting vector-
borne animal disease outbreaks because it is complex and there is a lack of understanding of
ecological patterns, or the role of environmental factors that may contribute to disease outbreaks
through time at local and regional scales. Therefore, scientists with diverse scientific expertise
from five locations across the United States (Plum Island Animal Disease Center, Orient Point,
New York; Arthropod-Animal Disease Center, Manhattan, Kansas; Jornada Experimental Range
Unit, Las Cruces, New Mexico; Rangeland Resources and Systems Research Unit, Cheyenne,
Wyoming; Center for Epidemiology and Animal Health, Fort Collins, Colorado), collaborated on
developing early warning strategies for VSV. Coupling big data-model integration with human
and machine learning, ARS scientists evaluated the relative importance of a large and diverse
suite of environmental, insect and livestock variables to patterns in VSV disease outbreaks.
Given information on latitude, elevation, and long-term precipitation, veterinarians and livestock
owners should now be able to monitor their local conditions to determine the likelihood that
VSV will occur in each month of the year. These early VSV warning strategies could also inform
public health preparedness and response to other emerging zoonotic vector-borne diseases.

Scientific Publication:

Peters DPC, McVey DS, Elias EH, Pelzel-McCluskey AM, Derner JD, Burruss ND, Shrader TS,
Yao J, Pauszek SJ, Lombard J, Rodriguez LL. 2017. Coupling big data-model integration with
human and machine learning to develop early warning strategies for vector-borne diseases.
Submitted to the journal Science.

Identification of Avian Influenza Epidemiological Risk Factors of Wild Birds in Mexico

The risk of an introduction of avian influenza in North America by infected wild birds is
significant. To identify epidemiological risk factors between poultry and synanthropic birds
(wild birds living close to humans and farms), ARS researchers at the U.S. National Poultry
Research Center, Athens, Georgia, conducted field studies in collaboration with a team of
scientists from Mexico. These studies evaluated the risk that synanthropic birds bring to poultry
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farms in a highly densely productive area of Mexico. The Altos de Jalisco region in west central
Mexico is the location of the largest concentration of poultry farms. Recently, this region
witnessed the emergence of low pathogenic HSN2 and the highly pathogenic H7N3 influenza
viruses. As a result of these field studies in Mexico, 82 species of wild birds were identified, with
some of these species linked to poultry farms. The highest ranked species corresponded to the
Mexican Great-tailed Grackle and the Barn Swallow; making those potential hosts for disease
transmission of pathogens in the wild bird-poultry interface in the region of Jalisco. The ability
to demonstrate epidemiological connections between wildlife and poultry is important to
understand the risk to the poultry industry from wild birds. Because of the proximity with the
United States, these Mexican regions present a high risk of introduction of avian influenza
through trade, wild birds and illegal transport of birds, and therefore pose a significant threat to
the U.S. poultry industry.

Scientific Publication:

Valdez-Gomez H, Navarro-Lopez R, Vazques-Mendoza L, Zalapa-Hernandez M, Guerrero-
Hernandex I, Fonseca-Delgado V, Marquez-Ruiz M, Afonso CL. 2017. Risk factors for the
transmission of infectious diseases agents at the wild birds-commercial birds interface. A pilot
study in the region of the Altos de Jalisco, Mexico. BULLETIN DE L’ACADEMIE
VETERINAIRE DE FRANCE.170(2):143-150. https://doi.org/10.4267/2042/62332

Epizootic Hemorrhagic Disease Virus (EHDYV) Infection Affects Sensory and Neural Tissues
in Culicoides Midges

Epizootic Hemorrhagic disease is an emerging disease caused by a virus transmitted by infected
insects commonly referred to as midges that transmit the virus when biting animals resulting in
significant economic losses in the captive deer industry. This virus has also infected cattle during
disease outbreaks resulting in additional economic losses to the cattle industry. With
collaborators at Clemson University and University of South Carolina, ARS scientists at the
Arthropod-borne Animal Diseases Research Unit, Manhattan, Kansas, identified key changes in
female midge gene expression profiles occurring during early infection with EHDV. Genes that
had decreased expression included those for sensory functions (especially vision), behavior,
learning, and memory. Genes that had increased expression included those for immune
processes, odor, and light detection. These results suggest that EHDV infection may have a
significant effect on sensory and neural tissues of midges and suggest a change needed in the use
of lamps that use light wavelength to optimally attract and trap infected insects during outbreaks,
which is important to researchers as well as industries interested in trapping the insects as a
means of disease control.

Scientific Publication:

Nayduch D, Shankar V, Mills MK, Robl T, Drolet BS, Ruder MG, Scully ED, Saski CA. 2019.
Transcriptome Response of Female Culicoides sonorensis Biting Midges (Diptera:
Ceratopogonidae) to Early Infection with Epizootic Hemorrhagic Disease Virus (EHDV-2).
Viruses. 11(5). pii: E473. doi: 10.3390/v11050473. https://doi.org/10.3390/v11050473
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Component 2: Antimicrobial Resistance

Rationale for the research:

Antibiotics are one of the most important medical discoveries of the 20" century and will remain
an essential tool for treating animal and human diseases in the 21* century. However,
antimicrobial resistance among bacterial pathogens and concerns over the prudent use of
antibiotics in animals has garnered global attention. Importantly, the availability of effective
medical interventions to prevent and control animal diseases on the farm is likely to impact
global food security. Accordingly, more attention needs to be given to understanding the drivers
of antimicrobial resistance in farm animals and the discovery of novel technologies that can
provide alternatives to antibiotics.

USDA is an active participant in the President’s Task Force for Combating Antibiotic Resistant
Bacteria (CARB) and fully supports the new initiatives to address antimicrobial resistance
announced on September 18, 2014. On November 25, 2014, the USDA released its
Antimicrobial Resistance Action Plan (http://www.usda.gov/documents/usda-antimicrobial-
resistance-action-plan.pdf). This action plan describes how USDA proposes to obtain and
disseminate science-based, actionable, quantitative information about antibiotic drug use and the
development of resistance in food-producing animals and their relationship to livestock
management practices. USDA is currently working with the interagency to develop the next
2020-2025 version of the CARB National Action Plan. USDA further proposes to address
knowledge gaps and develop effective, practical mitigation strategies that will help prolong the
effectiveness of existing antibiotics, including the development of alternatives to antibiotics to
prevent and treat animal diseases. Additionally, during this reporting period ARS worked with
OIE to plan and develop the 3™ International Symposium on Alternatives to Antibiotics,
https://www.ars.usda.gov/alternativestoantibiotics/events.html, which brought together
researchers and industry from all over the world to discuss on-going research and challenges
associated with the development of ATAs.

Stakeholders representing the livestock and poultry industries that responded to the 2015 ARS
animal health national survey identified research on antimicrobial resistance bacteria as a
national priority.

Research Needs:

There is a need to investigate microbial ecology to decipher the mechanisms that promote
antimicrobial resistance in animal production. New integrated strategies are needed to reduce and
mitigate antimicrobial resistance resulting from the use of antibiotics to treat respiratory and
enteric diseases. One of the priority research areas includes the causes and conditions that induce
the increased development of antimicrobial resistance in production animals.

Anticipated Products from the Action Plan:
e Scientific information to decipher the role of the respiratory microbiome in respiratory
diseases, including pathogens that are refractory to antimicrobials.
e Scientific information to determine the role of the gut microbiome in enteric diseases,
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including the effect of external stressors such as management, feeding practices,
environment, transport, and the administration of antimicrobials.

e Scientific information to decipher the microbial composition of the gastrointestinal tract
and the mechanisms by which commensal microbial species enhance health and mitigate
diseases of livestock and poultry.

e Scientific information to determine the correlation between subclinical infections caused
by certain enteric pathogens and feed efficiency.

e Highly effective vaccines that could reduce the use of antibiotics in animal agriculture.

e New biotherapeutic platforms based on protective host proteins to induce and supplement
an animal’s innate immune response.

e Alternatives to antibiotics with defined mechanisms of action to provide new
opportunities for the selection of multiple products that can work synergistically.

e Alternatives to antibiotics that affect the gut microbiome, such as phytochemicals and
immune enhancers to provide new opportunities for integrating nutrition, health, and
disease research.

e Probiotics that enhance immune development and resistance to enteric pathogens at
mucosal surfaces.

e Feed additives and micronutrients that can improve feed efficiency, disease resistance,
and health by promoting or inhibiting the growth of specific enteric microorganisms.

e Validated preventive health management programs derived from the re-engineering of
gut microbiomes using specially designed feed rations and diets.

Impact:

Understanding the ecology of antimicrobial resistance is critical for developing strategies to
minimize the level of antimicrobial resistance in production animals and informs the
development of alternatives to antibiotics to prevent or treat respiratory and enteric diseases of
livestock and poultry. Developing highly efficacious antibiotic alternatives such as vaccines,
phytochemicals, microbial-derived products, immune-related products, and innovative drugs,
chemicals, and enzymes to prevent and treat infectious diseases could reduce the need for
medically important antibiotics in animal agriculture and strengthen our ability to develop health
management strategies that are less reliant on antimicrobial compounds.

COMPONENT 2: SELECTED ACCOMPLISHMENTS

Problem Statement 2A: Ecology of Antimicrobial Resistance

Antimicrobial Resistance Distribution Differs Among Methicillin-resistant Staphylococcus
aureus (MRSA) Sequence Type (ST) 5 Isolates from Health Care and Agricultural Sources
Antimicrobial resistance is an expanding public health concern and MRSA is a notable example.
Since the discovery of livestock associated MRSA (LA-MRSA), public health concerns have
arisen surrounding the potential of LA-MRSA isolates to serve as a reservoir for antimicrobial
resistance determinants in people. ARS researchers at the National Animal Disease Center,
Ames, lowa, compared swine associated LA-MRSA ST5 and human clinical MRSA ST5 isolates
for antimicrobial susceptibilities and genes associated with antimicrobial resistance. Swine
associated LA-MRSA STS5 isolates exhibited resistance to fewer antibiotics than clinical MRSA
STS isolates from humans with no swine contact. Distinct genomic antimicrobial resistance
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elements were harbored by each subgroup, with little overlap in shared antimicrobial resistance
genes between swine associated LA-MRSA ST5 and clinical MRSA STS5 isolates. Our results
demonstrate that antimicrobial susceptibilities and genes that encode antimicrobial resistance
among swine associated LA-MRSA ST5 and clinical MRSA STS5 isolates are separate and
distinct suggesting that swine do not play a major role in maintaining a MRSA STS5 reservoir for
humans.

Scientific Publications:

Hau SJ, Haan JS, Davies PR, Frana T, Nicholson TL. 2018. Antimicrobial resistance distribution
differs among methicillin resistant Staphylococcus aureus sequence type (ST) 5 isolates from
health care and agricultural sources. Frontiers in Microbiology. 9:2102.
https://doi.org/10.3389/fmicb.2018.02102

Hau SJ, Allué-Guardia A, Rusconi B, Haan JS, Davies PR, Frana TS, Eppinger M, Nicholson
TL. 2018. Single nucleotide polymorphism analysis indicates genetic distinction and reduced
diversity of swine-associated methicillin resistant Staphylococcus aureus (MRSA) STS isolates
compared to clinical MRSA STS5 isolates. Frontiers in Microbiology. 9:2078.
https://doi.org/10.3389/fmicb.2018.02078

Effect of Zinc in the Selection of Methicillin-resistant Staphylococcus aureus (MRSA)
Feeding zinc to young pigs to prevent diarrhea is a common practice in the swine industry. But
public health concerns over this practice have increased because using zinc supplements have
been partly attributed to the occurrence of livestock-associated methicillin-resistant
Staphylococcus aureus (LA-MRSA) strains in Europe. Therefore, ARS scientists at the National
Animal Disease Center, Ames, lowa, along with collaborators at [owa State University and
University of Minnesota, compared the prevalence of zinc resistance genes in U.S. swine LA-
MRSA isolates with their prevalence in MRSA isolates from humans with no swine contact.
None of the swine MRSA isolates were resistant to zinc. In contrast, 21.9 percent of isolates
from humans with no swine contact carried the zinc resistance gene, and 24.7 percent were
resistant to zinc. These results suggest that the application of zinc in feed, has not led to an
increase in zinc resistant MRSA isolates in swine populations, and that these LA MRSA are not
the source of zinc resistant MRSA in humans.

Scientific Publication:

Hau SJ, Frana TS, Sun J, Davies PR, Nicholson TL. 2017. Zinc resistance within swine
associated methicillin resistant Staphylococcus aureus (MRSA) isolates in the USA is associated
with Multilocus Sequence Type Lineage. Applied and Environmental Microbiology. pii:
AEM.00756-17. doi: 10.1128/AEM.00756-17. https://doi.org/10.1128/aem.00756-17

Identification of Co-infecting Bacterial Agents in Birds Infected with Newcastle Disease
Viruses

Newecastle disease viruses are the most prevalent cause of respiratory disease on poultry farms
worldwide, including the United States. To understand causes of Newcastle disease vaccine
failure in the field, ARS researchers at the U.S. National Poultry Research Center, Athens,
Georgia, conducted random sequencing of nucleic acids obtained from poultry samples isolated
in endemic countries. The outcome has been the identification of previously unrecognized
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infections with bacteria from the genus Ochrobactrum. The bacteria were isolated and
determined to contain antibiotic resistance genes. The complete draft genome of a total of eight
Ochrobactrum species bacteria has been published in two articles. The results of these studies
demonstrated that Newcastle disease infection is often accompanied by bacterial infections, and
in these cases, multidrug-resistant novel Ochrobactrum species strains were isolated from a
pigeon, a duck, and chickens. This work is important because it demonstrates that additional
factors may be associated with Newcastle disease in the field. Importantly, the discovery of
previously unrecognized co-infections with novel multidrug-resistant bacteria highlights the
importance of effective Newcastle disease vaccination programs to potentially prevent secondary
bacterial infections that may lead to the use of antibiotics and the selection of the antimicrobial
resistant bacteria.

Scientific Publication:

Sharma P, Killmaster, LF, Volkering JD, Cardenas-Garcia S, Wajid A, Rehmani SF, Basharatd
A, Miller PJ, Afonso CL. 2018. Draft genome sequence of three novel Ochrobactrum spp.
isolated from different avian hosts in Pakistan. Genome Announcements. 6:¢00269-18.
https://doi.org/10.1128/genomeA.00269-18

Antibiotics Alter the Normal Swine Respiratory Microbial Community

Antibiotic stewardship is of the utmost importance to improve animal health outcomes and
prevent selection of antimicrobial resistance. There is increasing evidence of the important role
the normal respiratory microbial community (microbiota) plays in shaping immune and
respiratory health. However, there is little knowledge on the effects of antibiotics on the swine
respiratory microbiota. Oxytetracycline is a broad-spectrum antibiotic that is used for treatment
of bacterial respiratory disease in swine. ARS researchers at the National Animal Disease Center,
Ames, lowa, showed the respiratory microbiota diversity decreased in response to
oxytetracycline administration. In addition, giving the antibiotic in the feed had a greater and
longer lasting impact on the nasal microbiota than the injectable route. There were also increased
abundances of some pathogenic bacteria and decreased abundances of normal respiratory
resident bacteria after antibiotic treatment. These results highlight the need to further assess how
these changes can ultimately affect the animal’s respiratory health and risk to disease.

Scientific Publication:

Mou KT, Allen HK, Alt DP, Trachsel J, Hau SJ, Coetzee JF, Holman DB, Kellner S, Loving CL,
Brockmeier SL. 2019. Shifts in the nasal microbiota of swine in response to different dosing
regimens of oxytetracycline administration. Vet Microbiol, 237, 108386 Oct 2019: PMID:
31526488 DOI: 10.1016/j.vetmic.2019.108386. https://doi.org/10.1016/j.vetmic.2019.108386

Subinhibitory Concentrations of Antibiotics Commonly Used to Treat Swine Increase
Streptococcus suis (S. suis) biofilm formation

S. suis is the leading bacterial swine pathogen worldwide causing a wide variety of clinical
presentations in pigs ranging from asymptomatic carriage to lethal systemic disease. S. suis is
also a zoonotic pathogen capable of causing invasive disease in humans. A barrier towards the
development of improved vaccines or interventions for S. suis infections is a gap in
understanding the factors contributing to persistence in the host, in which colonized pigs
continue to shed and transmit S. suis. Biofilms are adherent communities of bacteria that are
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protected from clearance mechanisms and are considered a key factor contributing to chronic or
persistent bacterial infections. Routine management practices involve treating all pigs in the
same pen or barn with appropriate antibiotics upon observing any pig exhibiting clinical signs
associated with a bacterial infection. ARS researchers at the National Animal Disease Center,
Ames, lowa, studied the effects of sub-inhibitory concentrations of antibiotics commonly used
by the swine industry on the development of S. suis biofilms and found amoxicillin, lincomycin,
and oxytetracycline increase biofilm formation while bacitracin, carbadox, chlortetracycline,
enrofloxacin, gentamicin, neomycin, sulfadimethoxine, tiamulin, and tylosin did not.
Collectively, our data demonstrate that exposure to some commonly used antibiotics contributes
to increased biofilm formation of S. suis, thereby potentially increasing survival and persistence
within the respiratory tract of swine and increasing transmission dynamics among animals. This
data is critical for proper selection of antibiotics for successful treatment of swine bacterial
diseases while minimizing potential collateral consequences.

Scientific Publication:

Waack U, Nicholson TL. 2018. Subinhibitory concentrations of amoxicillin, lincomycin, and
oxytetracycline commonly used to treat swine increase Streptococcus suis biofilm formation.
Frontiers in Microbiology. 9:2707. https://doi.org/10.3389/fmicb.2018.02707

Problem Statement 2B: Alternatives to Antibiotics

Using Genomics to ldentify Novel Antimicrobials

There is a critical need in animal agriculture to develop novel antimicrobials and alternative
strategies that will help to reduce the use of antibiotics and address the challenges of
antimicrobial resistance. High-throughput gene expression analysis is providing new tools that
are enabling the discovery of host-derived antimicrobial peptides. One example are the NK-
lysins that were first described in mammals and are also found in avian species, which have been
shown to have antimicrobial activities that could potentially be used to control important poultry
pathogens. ARS scientists at the Animal Biosciences and Biotechnology Laboratory, Beltsville,
Maryland, demonstrated alterations following chicken NK-lysin binding to coccidia and
Escherichia coli membranes, indicating damage and disruption of cell membranes, suggesting
that NK-lysin kills pathogenic protozoans and bacteria by direct interaction. DNA analysis
revealed that chicken NK-lysin peptides derived from certain genes were more effective at
killing pathogens than those derived from other genes, which could potentially result in certain
genetic lines of poultry being more resistant to diseases. Although these host-derived
antimicrobial peptides may not, by themselves, be able to replace the antibiotics currently used in
animal production, their use as specific treatments based on their known mechanisms of action is
showing promising results.

Scientific Publication:

Kim WH, Lillehoj HS, Gay CG. 2016. Using genomics to identify novel antimicrobials. Rev Sci
Tech. 35(1):95-103. doi: 10.20506/rst.35.1.2420. Review.
https://europepmc.org/article/med/27217171
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Direct-fed Microbials as an Antibiotic Alternative

With an increase in concerns regarding the development of antibiotic resistance and efforts to
promote the judicious use of antibiotics in food-producing animals, there is a timely need for the
development of viable alternatives to ensure and maintain optimal animal health and
performance. Direct-fed microbials (DFMs), often referred to as probiotics, are a potential non-
antibiotic replacement that has been studied extensively and used in commercial applications.
DFMs are beneficial bacteria and often used as a feed supplement to promote gut health.
Therefore, to better understand the health benefits of probiotics in enhancing gut health in
poultry, and the mechanisms used by the non-pathogenic probiotic bacteria Bacillus subtilis,
ARS scientists at the Animal Biosciences and Biotechnology Laboratory in Beltsville, Maryland,
carried out extensive animal studies to show that certain Bacillus strains stimulate host innate
immune responses, decrease harmful inflammatory responses, and promote gut integrity when
used as a feed additive in young chickens. These results provide scientific evidence for the
beneficial effects of probiotic bacteria and the potential use of some strains of Bacillus subtilis as
a feed additive to promote gut health in commercial poultry production and reduce the use of
medically important antibiotics.

Scientific Publications:

Lee K, Lillehoj HS. 2016. An update on direct-fed microbials in broiler chickens in post-
antibiotic era. Animal Production Science. doi.org/10.1071/AN15666.
https://doi.org/10.1071/AN15666

Gadde U, Kim W, Oh S, Lillehoj HS. 2017. Alternatives-to-antibiotics for maximizing the
efficiency of growth performance and feed efficiency in poultry: a review. Animal Health
Research Reviews. 9:1-20. doi: 10.1017/S1466252316000207.
https://doi.org/10.1017/S1466252316000207

Enhanced Understanding of Mechanisms of Action of Antibiotic Growth Promoters
Although antibiotic growth promoters (AGPs) have been widely used globally to make a
significant contribution to the expansion of modern animal agriculture, underlying modes of
action of AGPs still remain unknown. In 2017, the FDA released the Veterinary Feed Directive
that reduced the ability of producers to use growth performance-promoting antibiotics making it
more imperative to understand how AGPs work so rationally designed antibiotic alternatives can
be developed and produced to prevent and control animal diseases. ARS scientists at the Animal
Biosciences and Biotechnology Laboratory, Beltsville, Maryland, used “omics” technologies to
identify biochemical pathways that are associated with the effects of AGPs. The changes in the
levels of intestinal small molecular weight metabolites provided distinctive biochemical
signatures unique to each antibiotic-supplemented group. These biochemical signatures were
characterized by increases in the levels of metabolites of amino acids, fatty acids, nucleosides
and vitamins. These results enhance our understanding of the mode of AGP action and provide
the framework for future studies to identify natural chemical compounds as antibiotic
alternatives to improve poultry growth performance without the use of in-feed antibiotics.
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Scientific Publication:

Grant A, Gay CG, Lillehoj HS. 2018. Bacillus spp. as direct-fed microbial antibiotic alternatives
to enhance growth, immunity, and gut health in poultry. Avian Pathol.;47(4):339-351. doi:
10.1080/03079457.2018.1464117. https://doi.org/10.1080/03079457.2018.1464117

The Use of Immunomodulators as an Alternative to Antibiotic Use in Swine

The use of immunomodulators is a promising alternative to the use of antibiotics to prevent and
combat infectious disease. Previously ARS researchers at the National Animal Disease Center,
Ames, lowa, demonstrated that giving an immunomodulatory protein to pigs elicited a sustained
increase in circulating neutrophils, a type of white blood cell that is beneficial in preventing
bacterial diseases. In new studies, pigs given the protein had an improved outcome when infected
with Streptococcus suis, the leading cause of meningitis in weaned pigs. Thus, the use of this
immunomodulatory protein in pigs to induce an increase in circulating neutrophil numbers may
be a useful alternative to antibiotics for prevention of Streptococcal and other bacterial diseases,
especially during times of stress and pathogen exposure such as post-weaning

Scientific Publication:

Brockmeier S, Loving CL, Eberle KC, Hau SJ, Mou KT, Kehrli Jr. M.E. 2019. Administration of
granulocyte-colony stimulating factor (G-CSF) to pigs results in a longer mean survival time
after exposure to Streptococcus suis. Veterinary Microbiology. 231:116-119.
https://doi.org/10.1016/].vetmic.2019.03.010
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Component 3: Zoonotic Diseases

Rationale for the research:

Zoonotic diseases are infectious diseases transmitted from animals to man and represent one of
the leading causes of illness and death in people world-wide. Seventy-five percent of emerging
diseases are zoonotic. In developing countries, zoonotic diseases stand out as the most prevalent
and important threat to public health. Zoonoses also have a negative impact on commerce, travel,
and economies worldwide. In industrialized nations, zoonotic diseases are of particular concern
to the agricultural sector. Priority diseases include those that are especially difficult to diagnose
and cause substantial morbidity and mortality, resulting in significant economic costs to
producers when they persist or reemerge. Over the years, USDA has invested significant
resources in attempts to eradicate endemic zoonoses from livestock populations in the United
States (e.g., brucellosis and tuberculosis). However, their persistence in wildlife reservoirs
continues to pose challenges. Moreover, some zoonotic agents have been identified as having the
potential to be used for bioterrorism. Because many determinants of zoonotic diseases lie outside
the purview of the health sector, agriculture and the animal health community must play an
important role in preventing these diseases from propagating in domestic animals, starting with
proper surveillance systems. Effective countermeasures are needed to eliminate zoonotic agents
at their animal source and protect our Nation from these important public health threats.

The ARS zoonotic bacterial diseases research program focuses on brucellosis, leptospirosis, Q-
fever, and tuberculosis with the strategic goal of developing countermeasures to prevent disease
transmission in domestic livestock and wildlife reservoir hosts. Zoonotic viral diseases that pose
a significant threat to the Nation (e.g., avian influenza, Rift Valley fever) and are exotic to the
United States are addressed under Component 1: Biodefense Research. Additional zoonotic
diseases are addressed under Component 6, Problem Statement 6B: (Hemoparasitic Diseases)
and Component 7: (Transmissible Spongiform Encephalopathies).

Stakeholders representing the livestock industries that responded to the 2015 ARS animal health
national survey identified research to prevent and mitigate the impact of zoonotic bacteria a
national priority.

Research needs:

Brucella

Research is needed to create new vaccines and diagnostic assays to detect and control infection
and transmission with specific emphasis on diagnostic assays that are specifically designed for
the control and eradication of brucellosis in wildlife. Genomic analyses of Brucella species are
needed to identify unique sequences to further the development of serological diagnostic tests
that can differentiate Brucella species without culturing. New vaccine strategies will include
developing oral vaccines that would be economical and reliable for use in wildlife reservoirs.

Leptospira
There is a need to identify and characterize emerging spirochete strains associated with field

outbreaks, to determine how these bacteria interact and evade host responses during infection,
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and to determine mechanisms of protective immunity. Comparative genomics studies of
Leptospira borgpetersenii serovar hardjo (the most prevalent serovar of cattle) and other
Leptospira species are needed to identify unique sequences to support diagnostic and vaccine
discovery research programs. In order to design vaccines that are effective in reservoir hosts,
there is a need to determine Lepfospira gene expression changes in different hosts. There is also
a need to assess mutant strains with defined phenotypic characteristics and analyze how these
mutants interact with the host and alter global patterns of gene expression. Diagnostic tools are
needed to support molecular epidemiology studies to understand the ecology of Leptospira
species and the emergence of new serovars.

Mycobacterium bovis

There is a need for improved vaccines and diagnostics for Mycobacterium bovis, the causative
agent of bovine tuberculosis. Research is needed to identify microbial immunogens critical for
the induction of protective immunity and there is a need to sequence the genome of common
environmental Mycobacteria to develop assays that can differentiate them from pathogenic
Mycobacteria to eliminate false positive test results. There is a need to characterize
Mycobacterium bovis infections, pathogenesis, and immune responses in domestic livestock and
relevant wildlife reservoir hosts.

Coxiella

There is a need to develop new technologies for diagnosing and mitigating the risk of Coxiella
burnetii transmission from ruminant livestock that are effective, economically feasible and
ecologically responsible.

Anticipated Products from the Action Plan:

e Scientific information to differentiate Brucella species by determining the unique
sequences associated with phenotypic variations in virulence, host range, and persistent
infections that will support diagnostic and vaccine discovery research initiatives.

e Determining the pathogenesis of Brucella species to identify mechanisms of persistent
infections, host tolerance, and protective immunity.

e Diagnostic and intervention strategies for brucellosis in bison, elk, and feral swine that
will enable control and potentially eradication in the wildlife reservoir.

e Diagnostic and intervention strategies for Brucella melitensis that will ensure a safe food
supply and goat and sheep health.

e New vaccine platforms, with an emphasis on distance and oral delivery, designed to
control and eradicate brucellosis in bison, elk, and feral swine.

e In vitro disease models consisting of host cell cultures that will lead to the molecular
characterization of host-bacterial interactions, variations in gene expression, and
associated pathogenic mechanisms.

e Scientific information on the protective immune responses to spirochete antigens in large
and small animal disease models.

e Large-scale sequence analyses to characterize the genome of selected spirochetes and
identify strain-specific regions in various Leptospira strains.

e Scientific information on the genetic variability of key genes using whole genome
sequencing techniques.

e Determine the transcriptome of pathogenic Leptospira species to identify differentially
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expressed genes to characterize virulence traits and select vaccine candidates.

e Qenetically altered bacteria for in vitro and in vivo studies to establish key links between
specific genes and phenotype.

e Efficacious molecular vaccines to prevent the spread of Leptospirosis in domestic
animals and wildlife.

e Microbial immunogens critical for development of protective immunity.

¢ Scientific information to increase our understanding of the molecular pathogenesis of
Mycobacterium bovis infections.

e Comparative analyses to understand variations of Mycobacterium bovis host immune
responses to natural infections versus vaccination as well as neonatal versus adult cattle
responses.

e Improved sensitive and specific diagnostic platforms amenable to the rapid screening of
large cattle herds.

e Diagnostic platforms to differentiate infected versus vaccinated animals.

e Effective vaccine platforms to prevent and control Mycobacterium bovis in cattle and
relevant wildlife reservoir hosts.

e Host genetic tools to prevent or reduce ruminant shedding of Coxiella burnetii.

e Discovery of a vaccine platform that can prevent or reduce ruminant shedding of Coxiella
burnetii.

Impact:

The discovery of new countermeasures specifically designed to prevent and control brucellosis in
wildlife eliminates new sources of infection and increase our ability to eradicate brucellosis in
our domestic livestock. The functional genomics analysis of Leptospira strains provides the
identification of virulence determinants that can lead to vaccine discovery research and new
diagnostic platforms for classification of field strains. Developing new generation vaccines for
leptospirosis may improve the control of maintenance and accidental host infections in our
domestic animals thereby lowering the incidence of disease and protecting farm workers from
spirochete-associated zoonoses. New improved countermeasures to control Mycobacterium bovis
in wildlife and domestic livestock are needed to help prevent new incidences of bovine
tuberculosis and support its eradication from the United States. Research on Coxiella burnetii is
needed to protect cattle, sheep, and goats on U.S. farms and their products in global distribution
channels. Importantly, controlling zoonotic agents at the animal source will safeguard people
with potential exposure to infected livestock and protect the United States and trading partners
from the agricultural, ecological and economic threat posed by zoonotic agents.

COMPONENT 3: SELECTED ACCOMPLISHMENTS

Problem Statement 3A: Brucellosis

Long Duration Antibiotic Not Effective Against Brucellosis in Goats

Whole herd treatment of infected goats with a long-lasting antibiotic could be an effective
treatment for reducing infection, clinical effects and disease transmission to humans. Therefore,
ARS scientists at the National Animal Health Disease Center, Ames, lowa, treated goats with a
commercial antibiotic after experimental infection with Brucella melitensis and found that
infection and abortion rates were not decreased. Although this antibiotic is expected to remain
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efficacious for 21 days after treatment, this study indicates that it would not provide economic or
epidemiologic benefits under field conditions. This work eliminates a possible therapeutic
approach for managing brucellosis in areas of high disease prevalence and clearly shows that the
use of antibiotics as an intervention strategy for brucellosis in goats is not effective.

Scientific Publication:

Boggiatto PM, Olsen SC. 2019. Tulathromycin treatment does not affect bacterial dissemination
or clearance of Brucella melitensis 16M following experimental infection of goats. PLoS

One. 14(12):¢0226242. doi: 10.1371/journal.pone.0226242. eCollection 2019.
https://dx.doi.org/10.1371%2Fjournal.pone.0226242

Validation of Inactivation Methods for Brucella

Select agents are pathogens that the Department of Health and Human Services (HHS) and/or the
U.S. Department of Agriculture (USDA) have deemed to pose a severe threat to public health
and safety and are regulated through the Federal Select Agent Program (FSAP). The Federal
Experts Security Advisory Panel (FESAP)which provides recommendations related to the
security of select agents has emphasized the need to validate methods for inactivation of bacterial
and viral agents, because of publicized failures involving select agent pathogens and the danger
posed by improper disposal of these agents. ARS scientists at Ames, lowa, tested several
inactivation methods (heat, methanol, acetone, filtration, and formalin) under various conditions.
These experiments demonstrated that 95C heating for 1 hour, 67 percent methanol for 5 days, or
formalin treatment for 30 minutes were sufficient to prevent recovery of Brucella from spiked
samples. Filtration of sera through a 0.22 um filter removed all viable Brucella from spiked
samples. This published data is of great interest to regulatory and biosafety personnel, and the
hundreds of laboratories that work with select agents. It provides validated procedures that are
effective for inactivating Brucella from sera and tissue samples which can mitigate the risk of
inadvertent release and ensure laboratory personnel safety.

Scientific Publication:

Olsen SC, Boggiatto PM, Vrentas CE. 2017. Inactivation of virulent Brucella species in culture
and animal samples. Applied Biosafety. 22(4):145-151.
https://doi.org/10.1177/1535676017734202

Olsen SC, Boggiatto PM, White DM, McNunn TB. 2018. Biosafety concerns related to Brucella
and its potential use as a bioweapon. Applied Biosafety. 23(2)77-90.
https://doi.org/10.1177/1535676018771983

Hydrogel Biobullets Maintain Brucella Vaccine Strain Viability

Vaccination of wildlife is important to the control of brucellosis. This is challenging since
wildlife vaccines need to be delivered remotely and wild animals often can only be vaccinated
once. In order to address some of these challenges, ARS scientists at the National Animal
Disease Center, Ames, lowa, and collaborators evaluated the stability of the Brucella abortus
strain RB51 vaccine in degradable hydrogel biobullets. The formulation was shown to maintain
excellent viability of the vaccine strain during storage and the hydrogels were shown to readily
rehydrate within 5 hr in serum. This work establishes a possible remote vaccination option for
delivering brucellosis vaccines to wildlife.
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Scientific Publication:

Falconer J, Christie RJ, Kaiser EJ, Olsen SC, Grainger DW. 2016. Live RB51 vaccine
lyophilized hydrogel formulations with increased shelf life for practical ballistic delivery.
International Journal of Pharmaceutics. 498(1-2):187-94. doi:10.1016/j.iipharm.2015.12.040.
https://doi.org/10.1016/j.ijpharm.2015.12.040

Efficacy of Brucella Vaccination in Elk

The prevalence of brucellosis in free-ranging elk in the Greater Yellowstone Area (area
surrounding Yellowstone National Park) has been epidemiologically linked to infections in cattle
herds. In an effort to identify an efficacious vaccine in elk, scientists at the National Animal
Disease Center, Ames, lowa, collaborated with Colorado State University and USDA APHIS to
assess the efficacy of a new mucosal brucellosis vaccine. Pregnant elk cows were experimentally
challenged with virulent Brucella abortus in the third trimester. There was no difference in
abortion rates between control and vaccination treatments. Data indicates that the mucosal
vaccine did not protect elk against brucellosis. As an efficacious brucellosis vaccine has not yet
been identified in elk, intervention strategies to address brucellosis in free ranging elk are
lacking. This data will be of interest to regulatory personnel addressing brucellosis in free-
ranging elk and scientists working to develop brucellosis vaccines.

Scientific Publication:

Nol P, Olsen SC, Rhyan JC, Sriranganathan N, McCollum MP, Hennager SG, Garner A, Sprino
PJ, Berrier RJ, Elzer P, Boyle SM, Salman MD. 2016. Vaccination of elk (Cervus canadensis)
with Brucella abortus strain RB51 overexpressing superoxide dismutase and glycosyltransferase
genes does not induce adequate protection against experimental brucella abortus challenge.
Frontiers in Cellular and Infection Microbiology. 6:10. doi: 10.3389/fcimb.2016.00010.
https://doi.org/10.3389/fcimb.2016.00010

Problem Statement 3B: Leptospirosis

Isolation and Characterization of Pathogenic Leptospires

Leptospirosis is a bacterial disease transmitted from animals to humans worldwide. As
leptospires infect the kidney of natural hosts and are excreted in the urine, contact with infected
urine or contaminated water can result in disease. Bovine leptospirosis is endemic in the United
States and infection in cattle causes reproductive losses. Current commercial vaccines are based
on strains isolated from cattle over 25 years ago. ARS scientists at the National Animal Disease
Center, Ames, lowa, characterized leptospires currently circulating in cattle. The study found
that 7.2 percent of sampled cattle were actively excreting leptospires and all isolates were found
to be serovar Hardjo, historically the predominant serovar infecting cattle worldwide.

Scientific Publication:

Nally JE, Hornsby, RL, Alt DP, Bayles DO, Wilson-Welder JH, Bauer NE. 2018. Isolation and
characterization of pathogenic leptospires associated with cattle. Veterinary Microbiology.
218:25-30. https://doi.org/10.1016/j.vetmic.2018.03.023
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Development of Culture Method to Study Leptospirosis in Animal Hosts

Leptospirosis is an important human and animal disease worldwide. The number of serious
human cases of leptospirosis seen annually throughout the world is estimated at over one million,
with a case fatality rate above 10 percent. The disease is maintained in soil, water and wildlife
reservoirs and because there are many serotypes of this bacterium it is difficult to fully vaccinate
against it. In cattle, leptospirosis results in abortion, stillbirth, premature birth and reproductive
failure. The composition of cattle vaccines is based on studies that were performed 25 years ago
and may not reflect the strains that are currently circulating. An additional challenge to
developing improved vaccines against leptospires is that these bacteria are very difficult to grow
under laboratory conditions, and do not express the same proteins normally found during natural
infection which makes fully characterizing them challenging. ARS researchers at the National
Animal Disease Center, Ames, lowa, developed a novel method for culturing leptospires that
more closely mimics natural infection. This unique culture method resulted in expression of
Leptospira proteins normally found during infection that are usually not expressed under
laboratory conditions. These data provide novel insights on colonization and persistence of
infection in natural hosts and could lead to new detection and control strategies for this important
human and animal pathogen.

Scientific Publication:
Publication pending: ARS is currently pursuing a patent on the culture media.

An Inbred Rat Model to Study Renal Infection

Pathogenic species of Leptospira cause leptospirosis, a zoonotic disease with a global
distribution. In natural hosts, leptospires localize in the kidney and are excreted in urine.
Reservoir hosts of leptospirosis are typically asymptomatic and excrete leptospires for months
and years. Surprisingly, little is known about host cellular immune response that facilitate
persistent renal infection. ARS scientists at the National Animal Disease Center, Ames, lowa,
developed a laboratory animal model of persistent renal Leptospira colonization. Data
demonstrated the inbred rats developed persistent renal infections with excretion of leptospires in
urine. Results implicated the local renal lymph node as an important site for immunologic
responses to Leptospira rather than systemic immune responses. These data allow understanding
of immunologic responses that contribute to persistent renal infection and provides critical
information on disease pathogenesis.

Scientific Publication:

Nally JE, Wilson-Welder JH, Hornsby RL, Palmer MV, Alt DP. 2018. Inbred rats as a model to
study persistent renal colonization and associated cellular immune responsiveness. Frontiers in
Cellular and Infection Microbiology. https://doi.org/10.3389/fcimb.2018.00066
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Characterization of Treponeme Associated Hoof Disease in Free-ranging Elk
Hoof disease in elk is associated with treponeme, a spirochete bacterium that
is pathogenic in humans and warm-blooded animals. ARS scientists at the
National Animal Disease Center, Ames, lowa, collaborated with state
officials and university scientists in characterization of hoof disease in free-
ranging elk (Cervus elaphus) in southwestern Washington State, which
continues to spread throughout the region with some herds showing 20-90%
of animals affected. In adult elk, lesions of hoof overgrowth, sole ulcers, and
sloughed hoof capsules are observed in addition to higher mortality. A field
study was conducted to characterize the pathogenesis. Lesions were most
severe in elk at nine months of age and mimicked lesions in adult elk, while
elk examined at three months of age had the mildest lesions and evidence of treponemes. Data
suggests that Treponeme-associated hoof disease in free-ranging elk is a debilitating and
progressive condition that is similar to digital dermatitis in cattle and sheep. The work provides
critical insight into the pathogenesis of this disease that may lead to intervention strategies that
reduce its prevalence in the United States and is of importance to the wildlife community and
state-health officials.

Scientific Publication:

Nally JE, Hornsby RL, Alt DP, Bayles DO, Wilson-Welder JH, Bauer NE. 2018. Isolation and
characterization of pathogenic leptospires associated with cattle. Veterinary Microbiology.
218:25-30. https://doi.org/10.1016/j.vetmic.2018.03.023

Problem Statement 3C: Tuberculosis

Biomarkers for Improved Diagnostic Tests

As bovine tuberculosis is a zoonotic disease, an eradication program was initiated over 100 years
ago to protect public health. Complete eradication of bovine tuberculosis in the United States
will require development of rapid and accurate diagnostic tests. A blood-based test measuring
gamma interferon production has been used for years for diagnosis of bovine tuberculosis.
Although it has reasonable accuracy (sensitivity and specificity), to maximize diagnostic
sensitivity the blood-based test must be combined with other diagnostic tests (i.e. skin test) that
are labor intensive and expensive. ARS scientists at the National Animal Disease Center, Ames,
Iowa, used whole blood from experimentally infected cattle to evaluate inflammatory mediators
as alternatives to gamma interferon for use in tuberculosis diagnostic tests for cattle. Data
suggested that several of the targets may be useful for diagnosis of tuberculosis using whole
blood. Development of more accurate diagnostic tests will expedite eradication of bovine
tuberculosis and decrease financial losses caused by reduced production and regulatory costs to
protect public health.

Scientific Publication:

Palmer MV, Thacker TC, Rabideau MM, Jones GJ, Kanipe C, Vordermeier HM, Ray Waters W.
2020. Biomarkers of cell-mediated immunity to bovine tuberculosis. Vet Immunol
Immunopathol. 220:109988. doi: 10.1016/j.vetimm.2019.109988.
https://doi.org/10.1016/j.vetimm.2019.109988
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Increase in Sensitivity and Specificity of Bovine Tuberculosis Diagnostic Testing

A new serological diagnostic test for tuberculosis in cattle was licensed by the Center for
Veterinary Biologics in 2013 and approved for use in the bovine tuberculosis eradication
program by USDA APHIS. Research during the fiscal year 2014 showed that the novel
serological test was not accurate enough to entirely replace the current testing method (tuberculin
skin test). However, it was noted that tuberculin skin testing resulted in a “boosting effect” and
an increase in the antibodies detected by the new serological test. The boost in antibody
production resulted in an enhanced ability of the new serological test to detect Mycobacterium
bovis infected cattle (increased accuracy). The two tests used together in this fashion, were better
at identifying infected cattle than either test alone. A new paradigm was proposed to administer
the tuberculin skin test and then draw blood for the new serological test during the boosting
period. However, it was not clear when the boosting period began or ended. In the fiscal year
2015, ARS researchers at the National Animal Disease Center, Ames, lowa, determined both the
beginning (7-10 days) and the ending (60-70 days) of the boosting period. This work allows
USDA APHIS Tuberculosis program staff to direct field veterinarians to schedule testing at
times that optimize the accuracy of testing, making the diagnosis of bovine tuberculosis more
efficient and cost effective for both producers and USDA. This work provides a scientific basis
for a change in USDA APHIS regulations directing field veterinarians to obtain blood for the
novel test 7 to 70 days after skin testing.

Scientific Publication:

Waters WR, Palmer MV, Statne MR, Bass KE, Maggioli MF, Thacker TC, Linscott R, Lawrence
JC, Nelson JT, Esfandiari J, Greenwald R, Lyashchenko KP. 2015. Effects of serial skin testing
with purified protein derivative on the level and quality of antibodies to complex and defined
antigens in Mycobacterium bovis-infected cattle. Clin Vaccine Immunol. 22(6):641-649.
http://dx.doi.org/10.1128/CVI.00119-15

Problem Statement 3D: Q-Fever

Domestic Sheep Associated with Human Q Fever

Coxiella burnetii is a globally distributed zoonotic bacterial pathogen that causes abortions in
ruminant livestock. In humans, an influenza-like illness results with the potential for
hospitalization, chronic infection, abortion, and fatal endocarditis. Ruminant livestock,
particularly small ruminants, are thought to be the primary transmission source to humans. A
recent Netherlands outbreak from 2007-2010 traced to dairy goats resulted in over 4,100 human
cases with estimated costs of more than 300 million euros. Smaller human Q fever outbreaks of
small ruminant origin have occurred in the United States, and characterizing shedding is
important to understand the risk of future outbreaks. Scientists at the Animal Disease Research
Unit, Pullman, Washington, conducted a study to assess bacterial shedding and seroprevalence in
100 sheep from an Idaho location associated with a 1984 human Q fever outbreak. The results
from this study indicated that 5 percent of the sheep were seropositive, which was not
significantly different from the national average of 2.7 percent for the United states.
Importantly, the bacterial pathogen was not detected from placentas, vaginal swabs, or fecal
samples, suggesting that none of the sheep were shedding C. burnetii. While the presence of
seropositive individuals demonstrates some historical C. burnetii exposure, the negative
placental samples suggest the shedding events were rare or absent. The location where the flock
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was maintained had little or no depopulation in 1984, and no C. burnetii vaccination during or
since 1984. It is not clear how a zero-shedding rate was achieved in these sheep beyond natural
immunity; thus more work is required to discover and assess possible factors that may contribute
towards achieving zero-shedding status. This study provided the first U.S. sheep placental C.
burnetii shedding update in over 60 years and demonstrated potential for C. burnetii shedding to
reach undetectable levels after an outbreak event, even in the absence of targeted interventions,
such as vaccination

Scientific Publication:

Oliveira RD, Mousel MR, Pabilonia KL, Highland MA, Taylor JB, Knowles DP, White SN.
2017. Domestic sheep show average Coxiella burnetii seropositivity generations after a sheep-
associated human Q fever outbreak and lack detectable shedding by placental, vaginal, and fecal
routes. PLoS One. 12(11):e0188054. Published 2017 Nov 15. doi:10.1371/journal.pone.0188054.
https://dx.doi.org/10.1371%2Fjournal.pone.0188054
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Component 4: Respiratory Diseases

Rationale for the research:

In spite of decades of control measures using antibiotics and vaccines, endemic respiratory
diseases remain primary health threats to livestock and poultry. The cost of respiratory disease is
significant and disease outbreaks often determine the difference between profit and loss for a
producer. Most respiratory diseases present themselves as disease complexes involving several
primary and secondary viral and bacterial pathogens, complicating control and prevention
strategies. The most challenging aspect of dealing with respiratory disease is recognizing that
clinical or overt disease is only the tip of the iceberg. The cost goes far beyond the treatment of
sick animals and the cost of dead animals. The vast majority of the economic impact is actually
due to the hidden cost of sub-clinical disease where animals are infected but show no apparent
disease symptoms. Livestock and poultry that develop respiratory diseases have notable
decreases in growth performance. Even with livestock and poultry being vaccinated against
many of the most common pathogens today, respiratory lesions are still prevalent at slaughter
and their impact on weight gain and carcass quality is significant. Important scientific gaps
remain in our understanding of respiratory pathogen complexes and the ecological and host
interactions that lead to disease and production losses independent of host species. With the
current emphasis on reduced usage of antibiotics in livestock and poultry operations, new
research approaches are needed to design effective prevention and control programs that will
facilitate proper planning, careful attention to livestock and poultry health management, and the
discovery of effective countermeasures.

Stakeholders representing the livestock and poultry industries that responded to the 2015 ARS
animal health national survey identified research on respiratory diseases as a national priority.
Because of the sheer number of pathogens involved in respiratory diseases and the ability of
many pathogens to cross the species’ barrier, ARS used available resources to focus strategically
on priority respiratory pathogens associated with the bovine, porcine, poultry, and sheep
respiratory disease complexes. Emphasis was given to the design of experimental animal disease
models to test newly discovered technologies and countermeasures, with the eventual goal of
validating them under field conditions through strategic partnership with industry.

Research needs:

Research needs identified included identifying and understanding the mechanisms of disease
transmission of respiratory pathogens in beef production systems as well as the host responses to
respiratory pathogens, including mechanisms of immune evasion and protective immunity. Also
recognized as a critical need were epidemiological studies to identify reservoirs of priority
respiratory pathogens.

The transmission of malignant catarrhal fever to bison in western grazing lands is a concern to
the sheep industry. Two of the most important gaps in the understanding of the transmission
between the two species include the pathogenesis and immune response in sheep and bison
associated with infection. Research in this area will help develop intervention strategies to
minimize the risk of the sheep spreading the devastating disease to bison.
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Respiratory disease in swine is one of the most serious and costly concerns to the industry.
Research is needed to elucidate the pathogenesis of monovalent and polymicrobial infections of
swine respiratory pathogens. Pathogens included in the swine respiratory research included
porcine reproductive and respiratory syndrome virus (PRRSV), swine influenza virus (SIV),
Bordetella bronchiseptica, and Glaesserella parasuis. The mechanisms by which swine
respiratory pathogens caused disease due to changes in gene expression of both the porcine host
and the bacterial respiratory pathogens during the infectious process are important in developing
effective intervention strategies for polymicrobial infections. In addition, research to understand
the host responses to respiratory pathogens, including mechanisms of immune evasion and
protective immunity are needed.

Research gaps were recognized in the elucidation of the mechanisms of disease transmission of
respiratory pathogens in relevant poultry production systems including the interaction and
pathogenesis of polymicrobial interactions. Studies are needed to investigate the host response to
respiratory pathogens, including mechanisms of immune evasion and protective immunity. In
addition, novel vaccine candidates need to be developed and evaluated to a number of pathogens.
Improved diagnostic capabilities to enable rapid differential diagnosis of respiratory pathogens
on poultry farms are also lacking for many of the common poultry respiratory diseases.

Anticipated Products in Action Plan:

e Discovery of determinants of virulence and characterization of mechanisms of infection.

e Scientific information on pathogen interactions that lead to polymicrobial infections and
respiratory disease complexes.

e Scientific information on mechanisms of immune evasion and protective immunity.

e Drug and vaccine delivery systems that target the respiratory tract of cattle, sheep and
goats.

e Diagnostic platforms that can be used to develop rapid on-site tests.

e Scientific information on the pathogen interactions that lead to polymicrobial infections
and respiratory disease complexes in swine.

e Scientific information on changes in gene expression underlying porcine immune
responses to infection with respiratory pathogens.

e Scientific information on global changes in gene expression of porcine bacterial
pathogens in response to respiratory infection.

e Scientific information on microbial genetic variations associated with differences in
virulence and disease transmission.

e Efficacious vaccines that induce targeted immune responses to prevent colonization of
the respiratory tract and prevent shedding and disease transmission.

e Scientific information on the characteristics of aerosol spread of priority respiratory
pathogens in relevant poultry production systems.

e Drug and vaccine delivery systems that target the avian respiratory tract.

e Differential diagnostics platforms that can be used to develop flock-side tests.

¢ Scientific information to identify pathogens associated with respiratory disease in
domestic and wild sheep.

e Scientific information to determine the differential immune responses between domestic
and wild sheep that contribute to population limiting respiratory disease.
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e Scientific information to identify the genetic determinants of respiratory disease
susceptibility.

e Scientific information to determine management practices that trigger or contribute to
population-based respiratory disease.

Impact:

The overall impact of the research resulted from improved diagnosis, control, and prevention of
endemic respiratory diseases that benefitted the U.S livestock and poultry industries. The
research delivered the identification of disease pathogen reservoirs, understanding pathogen
transmission, and the discovery and technology transfer of highly effective diagnostics, vaccines,
and biotherapeutics designed to control and eradicate respiratory diseases. Incremental
development of these tools provided more predictable costs and better potential returns to enable
the U.S. livestock and poultry industries to remain competitive and profitable.

COMPONENT 4: SELECTED ACCOMPLISHMENTS

Problem Statement 4A: Bovine

A Genome-Wide Association Study for the Incidence of Persistent Bovine Viral Diarrhea
Virus Infection in Cattle

Bovine viral diarrhea viruses (BVDV) comprise a diverse group of viruses that cause disease in
cattle. BVDV may establish both transient and persistent infections depending on the
developmental stage of the animal at exposure. ARS scientists at the National Animal Disease
Center, Ames, lowa, conducted a study to determine whether genomic regions harboring genetic
mutations called single nucleotide polymorphisms (SNP) could be associated with the presence
or absence of persistent BVDYV infection. A cattle genome-wide association approach based on
777,000 SNP markers was used to test samples from 2400 animals identified as positive or
negative for the presence of BVDV in the skin. One SNP marker chromosome 14 was found to
be significantly associated with BVDV persistent infection. Fifteen SNP markers, residing on
chromosomes 1, 2, 6, 8, 10, 15 and 18, were moderately associated with persistent BVDV
infection. The function of the genes harboring these mutations provides leads in understanding
the mechanisms involved in BVDV persistent infections.

Scientific Publications:

Casas E, Hessman BE, Keele JW, Ridpath JF. 2015. A genome-wide association study for the
incidence of persistent bovine viral diarrhea virus infection in cattle. Anim Genet. 46(1):8-15.
doi: 10.1111/age.12239. https://doi.org/10.1111/age.12239

Falkenberg SM, Dassanayake RP, Walz P, Casas E, Neill JD, Ridpath JF. 2019. Frequency of
bovine viral diarrhea virus detected in subpopulations of peripheral blood mononuclear cells in

persistently infected animals and health outcome. Vet Immunol Immunopathol. 207:46-52. doi:
10.1016/j.vetimm.2018.11.015. https://doi.org/10.1016/j.vetimm.2018.11.015

Taxis TM, Bauermann FV, Ridpath JF, Casas E. 2019. Analysis of tRNA halves (tsRNAs) in
serum from cattle challenged with bovine viral diarrhea virus. Genet Mol Biol. 42(2):374-379.
doi: 10.1590/1678-4685-GMB-2018-0019. https://doi.org/10.1590/1678-4685-gmb-2018-0019
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Problem Statement 4B: Porcine

A Computational Tool to Characterize the Antigenic Diversity of Swine Influenza Viruses
Infection with swine influenza A viruses (IAV) is one of the most important respiratory diseases
of swine and is the second most common viral diagnosis of respiratory disease in swine in the
United States. Furthermore, the global diversity of swine IAV creates substantial risks for both
human and swine populations and could be a major contributor to future outbreaks and potential
pandemics in humans. There is a keen interest in improving the control of IAV in swine through
vaccination. A significant barrier to improve the efficacy of vaccines is lacking the
computational expertise to analyze and characterize the hemagglutinin (HA) gene of IAV to
properly match vaccines to field strains. The HA protein is a major component of vaccines and
target to induce a protective immune response. ARS scientists working at the National Animal
Disease Center, Ames, lowa, in collaboration with virus experts from the OIE/FAO Network of
Expertise on Animal Influenza (OFFLU), have developed a computational tool that
automatically classifies HA gene sequences from swine [AV isolates. This open-access tool is
now widely available and will aid swine producers, veterinarians, vaccine manufacturers, and
IAV vaccine researchers in selecting vaccine strains to match the strains that are currently
circulating on swine farms.

Scientific Publication:

Zhang Y, Aevermann B, Anderson TK, Burke DF, Dauphin G, Gu Z, He S, Kumar S, Larsen
CN, Lee AJ, Li X, Macken C, Mahaffey C, Pickett BE, Reardon B, Smith T, Stewart L, Suloway
C, Sun G, Tong L, Vincent AL, Walters B, Zaremba S, Zhao H, Zhou L, Zmasek C, Klem EB,
Scheuermann RH. 2017. Influenza research database: an integrated bioinformatics resource for
influenza virus research. Nucleic Acids Research. 45(D1):D466-D474. doi:10.1093/nar/gkw857.
https://doi.org/10.1093/nar/gkw857

Antiviral Treatment for Porcine Reproductive and Respiratory Syndrome Virus (PRRSV)
Infection in Pigs

Interferon is produced in response to virus infections to help the host inhibit viral replication and
develop a stronger immune response to the pathogen. Porcine reproductive and respiratory
syndrome virus is one of the most devastating and costly viruses to the swine industry world-
wide and has been shown to induce a meager interferon response in pigs. ARS researchers at the
National Animal Disease Center, Ames, lowa, explored the use of interferon as an adjuvant
given with live-attenuated PRRSV vaccine to determine if it would result in an enhanced
immune response to the vaccine. Giving interferon totally abolished replication of the vaccine
virus and as a result there was no detectible adaptive immune response after vaccination.
Although interferon did not have the desired adjuvant effect, the results are promising for the use
of interferon as a treatment for PRRSV infection.

Scientific Publication:

Brockmeier SL, Loving CL, Eberle KC, Hau SJ, Buckley A, Van Geelen A, Montiel NA,
Nicholson T, Lager KM. 2017. Interferon alpha inhibits replication of a live-attenuated porcine
reproductive and respiratory syndrome virus vaccine preventing development of an adaptive
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immune response in swine. Veterinary Microbiology. 212:48-51.
https://doi.org/10.1016/j.vetmic.2017.11.004

A Subunit Vaccine against Streptococcus suis in Swine

Streptococcus suis 1s a bacterium that is an important and common cause of disease in pigs and
costs the swine industry millions in losses annually. It is also listed by the World Organization
for Animal Health (OIE) as a high priority disease for which improved vaccines would
significantly reduce the need for antibiotic administration. ARS researchers at the National
Animal Disease Center, Ames, lowa, with collaborators from the University of Cambridge
identified five candidate proteins of S. suis which were formulated into a vaccine with different
adjuvants to help stimulate an immune response. The vaccine was found to be effective at
preventing disease caused by S. suis. In addition, antiserum from the vaccinated pigs was
reactive against whole S. suis bacteria of differing serotypes indicating a potential for cross-
protection. These proteins are now being developed into a vaccine by a commercial company
that can be used by swine producers to protect against this devastating and costly swine disease.
This technology may markedly improve the health and welfare of pigs, reduce the costs of pork
production and reduce the use of antibiotics in pigs by decreasing the occurrence of diseases
caused by an important bacterial pathogen.

Scientific Publication:

Brockmeier SL, Loving CL, Nicholson TL, Wang J, Peters SE, Weinert L, Chaudhuri R, Seilly
DJ, Langford PR, Rycroft A, Wren BW, Maskell DJ, Tucker AW. 2018. Use of proteins
identified through a functional genomic screen to develop a protein subunit vaccine that provides
significant protection against virulent Streptococcus suis in pigs. Infection and Immunity
86(3):¢00559-17. https://doi.org/10.1128/IA1.00559-17

Problem Statement 4C: Poultry

Novel Vaccines Effective Against Poultry Diseases

Vaccination is one method used to help prevent the spread of infectious poultry diseases, but
current vaccines could be safer and more effective. ARS scientists at the U.S. National Poultry
Research Center, Athens, Georgia, have developed a vaccine to help reduce virulent and virus
shed excretion of virus by the host and disease transmission from infected birds to healthy ones.
This novel vaccine was shown to protect chickens against infectious laryngotracheitis virus
(ILTV) and Newcastle disease virus (NDV), two of the most economically important infectious
diseases of poultry. Both viruses cause sickness and death in domestic and commercial poultry as
well as in some wild birds throughout the world. While current ILTV live-attenuated vaccines
are effective, some of the viruses used to make them can regain virulence causing chickens to
become chronically ill. Other types of vaccines can protect birds from the disease’s clinical
signs, but barely reduce the virus shedding in their respiratory secretions after infection. In that
sense, those vaccines are not that effective, because they do not reduce the risk of virulent ILTV
transmission to uninfected birds. With the support of the ARS Office of Technology Transfer,
ARS is currently looking for a commercial partner to develop this vaccine.
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Scientific Publications:

YuQ, Spatz S, Li Y, Yang J, Zhao W, Zhang Z, Wen G, Garcia M, Zsak L. 2017. Newcastle
disease virus vectored infectious laryngotracheitis vaccines protect commercial broiler chickens
in the presence of maternally derived antibodies. Vaccine. 35(5):789-795. doi:
10.1016/j.vaccine.2016.12.038. https://doi.org/10.1016/j.vaccine.2016.12.038

Yu Q, LiY, Dimitrov K, Afonso CL, Spatz S, Zsak L. 2019. Genetic stability of a Newcastle
disease virus vectored infectious laryngotracheitis virus vaccine after serial passages in chicken
embryos. Vaccine. 38(4):925-932. doi: 10.1016/j.vaccine.2019.10.074.
https://doi.org/10.1016/j.vaccine.2019.10.074

Development of an improved vaccine evaluation protocol to compare the efficacy of Newcastle
disease vaccines

ARS scientists at the U.S. National Poultry Research Center, Athens, Georgia, developed an
improved animal challenge model to evaluate the efficacy of Newcastle disease vaccines. This
challenge model is more stringent than currently used models in that it allows the detection of
statistically significant differences in mortality between Newcastle disease vaccines. This is
important because different areas of the world are affected by different strains of Newcastle
disease virus and this system may improve the ability of veterinarians to choose a more
appropriate vaccine for their region. This animal model also addresses the importance of
evaluating vaccines for suppression of viral shedding. Current vaccine evaluation protocols do
not evaluate the capacity of vaccines to reduce viral shedding. This deficiency is a problem in
countries that do not practice culling (endemic poor countries) as the virus continues to be
maintained in poorly vaccinated poultry farms.

Scientific Publication:

Cardenas-Garcia, S, Giel, DG, Susta, L, Lucio-Decanini, E, Yu, Q, Brown, CC, Miller, PJ,
Afonso, CL. 2015. Development of an improved vaccine evaluation protocol to compare the
efficacy of Newcastle disease vaccines. Biologicals. 43(2):136-145.
https://doi.org/10.1016/j.biologicals.2014.11.003

Automated Vaccine Delivery System to Improve Biosecurity in Poultry Houses

Traditional methods of vaccinating poultry often involve an operator entering the poultry house
to spray vaccine using a backpack-mounted device, which increases the likelihood of pathogens
being inadvertently brought into the barn with equipment and increasing biosecurity risks.
Although vaccines are often added to poultry water supplies, there can also be problems with
contamination using this method of vaccination. To solve these problems, ARS scientists at the
Poultry Research Unit, Mississippi State, Mississippi, developed a new, fully automated system
for spraying the vaccines inside the barns. The idea behind the machine is to trigger birds to
drink from the water lines using changes in lighting. After the birds go to the water lines, vaccine
spray nozzles are lowered from the ceiling and spray the birds. The nozzles are strategically
placed above the water lines, to ensure maximum coverage over the birds. The target is the
important eye area, where scientists know that vaccines are easily absorbed by the birds, but the
vaccine will also be picked up by the birds through preening and contact with other birds. The
scientists compared the performance of the automated system against a three-man vaccination
crew with backpack sprayers using a combination infectious bronchitis and Newcastle disease
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vaccine. The results of the blood samples taken from automatically vaccinated flocks showed
improved immune protection against the viruses compared with the backpack method, as well as
reducing biosecurity risks and the number of personnel required to vaccinate a flock.

News Announcement:

“How could automated vaccine delivery help poultry producers”
http://www.thepoultrysite.com/poultrynews/36455/ippe-how-automated-vaccine-delivery-could-
help-poultry-producers/

Scientific Publication:
Purswell JL, Branton, SL, Evans JD. 2019. Performance of an automated whole-house spray
vaccination system. Journal of Applied Poultry Research. 28(1):215-220.

Problem Statement 4D: Sheep

Mpycoplasma ovipneumoniae Identified in a Widening Array of Animals

Mycoplasma ovipneumoniae, currently believed to be the primary agent of pneumonia in bighorn
sheep, has been described as having a host range restricted to Caprinae species (sheep, goats,
musk ox) with domestic sheep and goats being implicated as the historic and continued source
for introduction of this bacterium in bighorn sheep. This assumption has dictated grazing
practices and policy implementation by other federal and state agencies. ARS researchers at the
Animal Disease Research Unit, Pullman, Washington, performed epidemiological studies and
identified M. ovipneumoniae in the following numbers of tested animals: 21 of 421 (5 percent) of
caribou, 9 of 362 (2.5 percent) of moose, 23 of 184 (12.5 percent) of Dall’s (thinhorn) sheep, and
5 of 43 (12.5 percent) mountain goats. ARS scientists in Pullman, Washington, in collaboration
with several veterinarians and a state agriculture department identified this bacterium in captive
white-tailed and mule deer exhibiting respiratory illness, and in a bison (no history reported).
Determining the true host range of this bacterium is of utmost importance to livestock, federal
and state stakeholders, as current policies to restrict grazing and thereby interactions between
domestic small ruminants and bighorn sheep will not fully address possible transmission routes
and remain ineffective until all vectors are considered.

Scientific Publications:

Highland MA, Herndon DR, Bender S, Hansen L, Gerlach RF, Beckman KB. 2018. Mycoplasma
ovipneumoniae in wildlife species beyond the subfamily caprinae. Emerging Infectious Diseases.
24(12):2384-2386. https://doi.org/10.3201/e1d2412.180632.

Rovani ER, Beckman KB, Highland MA. 2019. Mycoplasma ovipneumoniae associated with
polymicrobial pneumonia in a free-ranging yearling barren ground caribou (Rangifer tarandus
granti) from Alaska, USA. Journal of Wildlife Diseases. 55(3):733-736.
https://doi.org/10.7589/2018-08-188
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Component 5: Priority Production Diseases

Rationale for the research:

Production diseases affect agricultural animals universally and are the cause of significant
production losses, mortality, and waste. Many production diseases are difficult to prevent with
on-farm biosecurity measures alone. Significant scientific gaps remain in our understanding of
infection disease complexes, disease transmission, and the ecological and host interactions that
lead to disease and production losses. With the continued concern over animal welfare, the use of
antibiotics in animal agriculture, and impact on the environment, there is a need to find safe and
practical countermeasures to prevent and control production diseases. Research is needed to
identify the pathogens responsible for production diseases, molecular tools for epidemiological
studies, and the discovery of improved diagnostics and vaccines that can be integrated in the
design of effective prevention and control programs.

Stakeholders representing the livestock and poultry industries that responded to the 2015 ARS
animal health national survey identified research on the following endemic diseases as a national
priority: 1) Johne’s disease; 2) Oncogenic Viruses of Poultry; 3) Enteric Diseases of Poultry; and
4) Bovine Mastitis

Research Needs:

Johne's disease (paratuberculosis) is a chronic, progressive enteric disease of domestic and wild
ruminants caused by infection with the intracellular pathogen, Mycobacterium avium subsp.
paratuberculosis. 1t is estimated that 20-30 percent of U.S. dairy and cattle herds are infected
with this pathogen. There is a need to complete the sequencing of the M. paratuberculosis
genome to provide new research tools to identify M. paratuberculosis-specific genes and
proteins that may be useful as diagnostic tools or vaccine candidates.

Oncogenic viruses of poultry are endemic in the United States and cause periodic outbreaks with
severe economic loss. Depending on the virus, control measures consist of either blanket
vaccination of all commercial birds or diagnostic testing procedures to ensure breeder flocks
remain virus free. However, the continued circulation of these viruses in commercial flocks lead
to shifts in viral virulence or the emergence of new subgroups through mutation and/or
recombination, rendering the latest control measures ineffective. There is a need to implement
genomics-based research programs to identify and decipher genetic and biological determinants
of virulence, immune evasion mechanisms, and the emergence of new tumor viral strains.

Enteric diseases continue to pose a significant threat to the poultry industry and countermeasures
to prevent and control them are needed. There are several pathogens known but production
losses associated with unclassified enteric disease in both turkeys and chickens are continual
problems for the poultry industry. There is a need to understand and characterize the immune
response during enteric infections and apply immunological and genomic approaches to identify
host and pathogen genes involved in resistance to enteric infections. Tools are needed to study
the epidemiology and genetic relationships of enteric infectious organisms and the processes that
regulate host response to enteric infection to enable the development of effective strategies to
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prevent enteric diseases. The use of comparative studies designed to better understand the gut
microbiome in healthy and underperforming poultry flocks are needed to allow researchers to
identify disease-associated pathogens to develop targeted interventions.

Mastitis continues to be the single most costly dairy disease. Antibiotics are often used to treat
and prevent mastitis, but their use in food producing animals remains a major concern due to
antimicrobial resistance. There is a need to develop alternatives to antibiotic and immunologic-
based strategies to prevent and control bovine mastitis. Bovine functional genomics studies are
needed to understand variations in gene expression in response to bacterial challenges of the
mammary gland.

Anticipated Products from the Action Plan:

Scientific information on the Mycobacterium paratuberculosis proteome to identify
unique bacterial proteins that will enable the development of highly sensitive and specific
diagnostic tests for the detection of Johne’s disease in cattle and sheep.

Scientific information on the host immune response to understand the mechanisms of
control in early stages of disease and the switch in immunity that results in progression
from subclinical to clinical disease.

Highly effective vaccine platform that prevents subclinical disease, shedding of

M. paratuberculosis, and progression to clinical disease.

Scientific information on how genetic variations influence the immune response to
Marek’s disease virus (MDYV) infection.

Scientific information on how the interplay between specific host and MDV genes, and
the variation within these genes, leads to disease susceptibility or resistance.

Simple molecular tests to pathotype field strains of MDV.

Viral genes responsible for pathogenesis and identification of predictors of virulence
shifts.

Scientific information on the biological pathways that lead to the development of
Marek’s disease.

Safe and effective vaccines with mass vaccination capability that convey protection
against emerging MDYV strains in defined host animal genotypes.

Molecular-based techniques to rapidly speciate and quantify Eimeria oocysts in litter
samples.

Rapid tests to identify drug resistance markers in Eimeria field isolates.

Recombinant vaccines that are safe and effective against heterologous field challenges
with mass vaccination capability to prevent outbreaks of coccidiosis in poultry farms.
Recombinant vaccines targeting specific enteric viruses early during the poultry
production period.

Discovery of quantifiable factors associated with disease risk.

Discovery of modulators of stress in production systems that affect enteric disease
development and severity.

Cytokines and expression profiles associated with processes involved in host defense
during enteric infection.

Discovery and characterization of pathogens responsible for poultry enteric disease
complexes.
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Pathogen-specific markers useful for molecular or immunological detection.

Molecular tools to study the epidemiology, ecology, and evolution of enteric pathogens.

Intervention strategies that enhance the clearance of enteric pathogens.

Immuno-intervention strategies that prevent the development of enteric infections.

New biotherapeutic platforms/immune stimulators based on protective host proteins to

induce and supplement the cow’s innate immune response.

Therapeutics to reduce cell damage and enhance repair during mastitis.

e New management and nutritional schemes to prevent metabolic stresses contributing to
immunosuppressive states in the dairy cow.

e New non-antibiotic dry cow therapies are to be developed and tested for efficacy.

e Scientific information to define bacterial pathogenesis with the outcome of new targets

for intervention of persistent or chronic infections.

Impact:

The impact of the ARS Animal Health Research Program on production diseases consisted of
providing information on key host-pathogen responses during the infection process, leading to
the development and application of genomic-based countermeasures. Importantly, this research
program provided critical scientific information to support disease management programs.

COMPONENT 5: SELECTED ACCOMPLISHMENTS

Problem Statement SA: Johne’s Disease

New Diagnostics for Johne’s Disease

Improved diagnostic tests are needed to aid producers in controlling this disease. Using a protein
array, scientists at the National Animal Disease Center, Ames, lowa, identified patterns of
serological reactivity in cows with Johne’s disease. Some antigens induced antibody responses
throughout disease stages, where responses to other antigens were detected late in the course of
disease, or early in infection with a decline in responses at later stages of disease. The most
promising proteins identified from the protein array were tested by ELISA and a multiplex bead
assay and distinguished infected from non-infected healthy animals with sensitivities ranging
from 65 percent to 93 percent. Some of the proteins had better sensitivity on clinical samples
when compared to a commercially available Johne’s disease diagnostic tests. These data will be
of interest to livestock producers, veterinarians, and diagnostic laboratories who want more
accurate tests identifying animals infected with Johne’s disease.

Scientific Publication:

Capsel RT, Thoen CO, Reinhardt TA, Lippolis JD, Olsen R, Stabel JR, Bannantine JP. 2016.
Composition and potency characterization of Mycobacterium avium subsp. paratuberculosis
purified protein derivatives. Veterinary Microbiology. 11(5):e0154685. doi:
10.1371/journal.pone.0154685. https://dx.doi.org/10.1371%2Fjournal.pone.0154685
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Problem Statement SB: Oncogenic Viruses of Poultry

Differences in T-Lymphocytes and Cecal Microbiome Community During Marek’s Disease
Virus Infection Are Associated with Genetic Resistance to Marek’s Disease

Marek’s disease (MD) is an important oncogenic disease of chickens caused by Marek’s disease
virus (MDV). In previous studies, ARS scientists demonstrated that certain genetic lines are
resistant to MD. Recent interest in the role of the microbiome in preventing diseases led ARS
scientists at the Avian Diseases and Oncology Laboratory, East Lansing, Michigan, in
collaboration with Michigan State University scientists, to investigate the potential role of the
microbiome in MD resistance. The results of this research showed differences in two chicken
genetic lines, one resistant and the other susceptible to MD. Splenic helper CD4+ T cells were
similar; however, cytotoxic CD8 sub-populations were different with a greater number of
lymphocytes with cell surface markers associated with innate immunity in the MD resistant
chicken line. Interestingly, the microbiome composition was different between resistant and
susceptible birds. With MDYV challenge, both chicken lines showed lower numbers of beneficial
Faecalibacterium species and increased number of Lactobacillus species. Metabolic profiles
between chicken types were similar but with MDYV challenge, there were differences in
metabolism in both chicken lines, with amino acid metabolism impacted in resistant birds and
lipid metabolism in susceptible birds. These results provide insights into differences in the
immune response of MD-resistant chickens and potential interplay with the microbiome during
infection with an oncogenic virus. Information on the role of the microbiome in preventing
diseases may be used in the future to reduce the loss from Marek's disease.

Scientific Publication:

Perumbakkam S, Hunt HD, Cheng HH. 2016. Differences in CD8aa and cecal microbiome
community during proliferation and late cytolytic phases of Marek's disease virus infection are
associated with genetic resistance to Marek's disease. FEMS Microbiol Ecol. 92(12):fiw188.
https://doi.org/10.1093/femsec/fiw188

Problem Statement SC: Enteric Diseases of Poultry

Comparative Analysis of the Intestinal Viral Commupnities from Birds on Chicken Farms
There is a great deal of interest in characterizing the complex microbial communities in the
poultry gut, and in understanding the effects of these dynamic communities on poultry
performance, disease status, animal welfare, and microbes with human health significance. Field
investigations undertaken by ARS scientists at the U.S. National Poultry Research Center,
Athens, Georgia, to characterize viruses in the gut of poultry identified several novel poultry
viruses, but the roles these viruses play in disease and performance problems have yet to be fully
understood. The complex bacterial community present in the poultry gut influences gut
development, immune status, and animal health, each of which can be an indicator of overall
performance. Analysis of the intestinal viruses from birds placed on poultry farms revealed
colonization by members of the Picornaviridae, Picobirnaviridae, Reoviridae, and Astroviridae.
Analysis of the birds gut bacterial community revealed an altered community, notably by
members of the Lachnospiracea/Clostridium and Lactobacillus families and genera. Members of
the avian enteric Reoviridae and Astroviridae have been well-characterized and have historically
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been implicated in poultry enteric disease; members of the Picobirnaviridae and Picornaviridae
have only relatively recently been described in the poultry and avian gut, and their roles in the
recognized disease syndromes and in poultry performance in general have not been determined.
This study has provided insight into the colonization of the poultry gut by enteric microbes
circulating in commercial broiler flocks and has identified enteric viruses and virus communities
that warrant further study in order to understand their role(s) in avian gut health and disease.

Scientific Publications:
Day JM, Zsak L. 2015. Investigating turkey enteric picornavirus and its association with enteric
disease in poults. Avian Dis. 59(1):138-42. https://doi.org/10.1637/10940-092414-RegR

Day JM, Zsak L. 2016. Molecular characterization of enteric picornaviruses in archived turkey
and chicken samples from the United States. Avian Dis. 60(2):500-505.
https://doi.org/10.1637/11289-092415-ResNote

Host-pathogen Responses to Necrotic Enteritis in Two Inbreed Chicken Lines

Necrotic enteritis (NE) is an important intestinal infectious disease of commercial poultry flocks
caused by Clostridium perfringens. Using an experimental model of NE, ARS scientists at the
Animal Biosciences and Biotechnology Laboratory, Beltsville, Maryland, and Avian Diseases
and Oncology Laboratory East Lansing, Michigan, collaborated to identify the genetic
mechanisms that might regulate the host response to this disease. Genomic tools were used to
measure gene expression, resulting in the identification of 1,049 genes whose levels of
expression were altered in intestinal lymphocytes from infected Ross chickens compared with
uninfected controls. Five biological functions, all related to host immunity and inflammation,
and 11 pathways were identified from this dataset. To further elucidate the role of host genetics
in NE susceptibility, two inbred chicken lines, ADOL line 6 and line 7, which have identical
major histocompatibility genes (enables immune cells to recognize pathogens) but differ in their
susceptibility to virus infection, were compared for clinical symptoms and the expression levels
of a panel of immune-related genes during experimental NE. Line 6 chickens were more
susceptible to development of experimental NE compared with line 7. Of 21 immune-related
genes examined, 15 were increased in infected line 6 versus line 7 chickens. These results
suggest that immune pathways are activated in response to experimental NE infection and that
genetic determinants outside of the chicken major histocompatibility genes influence resistance
to this disease.

Scientific Publications:

Truong AD, Hong YH, Lillehoj HS. 2015. High-throughput sequencing reveals differing
immune responses in the intestinal mucosa of two inbred lines afflicted with necrotic enteritis.
Vet Immunol Immunopathol. 166(3-4):116-124. doi: 10.1016/j.vetimm.2015.06.008.
https://doi.org/10.1016/j.vetimm.2015.06.008

Oh ST, Lillehoj HS. 2016. The role of host genetic factors and host immunity in necrotic
enteritis. Avian Pathol. 45(3):313-316. doi: 10.1080/03079457.2016.1154503.
https://doi.org/10.1080/03079457.2016.1154503

Truong AD, Rengaraj D, Hong Y, Hoang CT, Hong YH, Lillehoj HS. 2017. Analysis of JAK-
STAT signaling pathway genes and their microRNAs in the intestinal mucosa of genetically
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disparate chicken lines induced with necrotic enteritis. Vet Immunol Immunopathol.187:1-9. doi:
10.1016/j.vetimm.2017.03.001. https://doi.org/10.1016/j.vetimm.2017.03.001

Problem Statement SD: Bovine Mastitis

Genetic and Gene Expression Differences Between Escherichia coli Strains that Cause
Persistent Versus Transient Mastitis in Dairy Cows

Infection of the mammary gland of cows with Escherichia coli can result in a self-resolving
infection that last a few days or a persistent infection that can last months. It is important to
determine the mechanisms that allows certain E. coli strains to persistently infect cows to allow
for rapid detection and treatment of those cows likely to have a persistent infection. ARS
researchers at the National Animal Disease Center, Ames, lowa, have published work on the
genomic and transcriptome differences between E. coli strains that can cause a persistent
infection and those strains that cause transient mammary gland infections in dairy cows.
Research has identified genes that were only present in the strains that cause persistent disease,
these genes help bacteria to generate a protective capsid that may protect them from the immune
system. The loss of these genes in bacteria that are correlated with persistent disease will be
tested for a corresponding loss of persistent mastitis in cows.

Scientific Publications:

Lippolis JD, Holman DB, Brunelle, BW, Thacker TC, Bearson BL, Reinhardt TA, Sacco RE,
Casey T. 2017. Genomic and transcriptomic analysis of Escherichia coli strains associated with
persistent and transient bovine mastitis and the role of colanic acid. Infection and Immunity.
86(1):e00566-17. https://doi.org/10.1128/IA1.00566-17

Thacker TC, Lippolis JD, Brunelle BW, Casey T, Reinhardt TA, Sacco RE, Holman DB. 2017.
Genome sequences of Escherichia coli strains that cause persistent and transient mastitis.
Genome Announcements. 5(34):e00775-17. https://doi.org/10.1128/genomeA.00775-17
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Component 6: Parasitic Diseases

Rationale for the research:

Parasites represent one of the most diverse groups of organisms that live on a host (ectoparasites)
or within a host (endoparasites) and are responsible for hundreds of insidious diseases ranging
from enteric diseases to vector-borne hemoparasitic infections. The livestock industries are
severely affected by these parasitic diseases, which cause significant losses in animal production
due to lower weight gain, anemia, diarrhea, and death from parasites. Moreover, many parasites
are invasive and exotic to the United States and impact international trade. Most importantly, the
emergence of drug resistant parasites against many commonly used pharmaceutical drugs has
huge economic implications. To further complicate control, the populations of parasites may
change with the climate changes anticipated with global warming.

Stakeholders representing the cattle, sheep, goat, and equine industries that responded to the
2015 ARS animal health national survey identified research on parasitic diseases of livestock as
a national priority.

Research Needs:

Currently, drug resistance has emerged as the single most important problem confronting the
control of gastrointestinal parasites of livestock worldwide. Although the use of drugs continues
to be the primary treatment against parasites, the intensive use of these products has resulted in
some degree of resistance to the majority of the drugs currently available. There is a need to
define the mechanisms of anti-helminthic resistance to drugs such as Ivermectin and
Fenbendazole used to treat nematodes of small ruminants and cattle. There is a need to elucidate
the genetics of the immune response to parasites at both the host and parasite level to enable the
development of novel intervention strategies to reduce resistance to drugs by parasites.

Hemoparasitic diseases result in significant export and production problems for the U.S. cattle
and equine industries and continue to be a national priority for these industries. Priority
hemoparasitic diseases include Anaplasmosis, Babesiosis, and Equine Piroplasmosis. Research is
needed to discover new improved detection, control, and elimination strategies, including vector-
related contributions to reduce disease risks from priority hemoparasites in areas within the
United States characterized as endemic.

Anticipated Products from the Action Plan:

e Scientific information on cases of drug resistance related to parasite species; e.g.,
Haemonchus contortus, H. placei, Cooperia punctata, C. oncophora, Ostertagia ostergii,
Nematodirus helvetianus, and Trichostrongylus.

e Scientific information on the effect of genotypic and phenotypic differences of the host
and parasite of drug resistance in sheep, cattle and goats.

e Molecular probes to better define parasite species in the field to enable tracking if their
range changes due to climate change.

e Molecular markers of drug resistance based on mode of action and measure the allele
frequency of parasite genes involved in drug resistance.

e Scientific information on patterns of gene flow in nematode populations to manage drug
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resistance in different production systems to reduce the impact of drug resistance on
productivity.

e Novel control strategies such as vaccines and natural anti-parasiticides to control
parasites.

e Scientific information on the transmission competence of vectors within the United States
and trading partners (Canada and Mexico).

e Vaccines that prevent production losses from clinical disease and transmission
(transfection technology is the center of our vaccine strategy for babesiosis).

¢ Scientific information on the effectiveness of current chemotherapeutics for 4.
marginale, Babesia caballi, B. equi and variant piroplasma species in clearing persistent
infections.

Impact:

The ARS Animal Health Research Program on gastrointestinal parasites provided a greater
understanding of the extent and type of drug resistance of nematodes of U.S. cattle and sheep,
improved molecular probes for speciating nematodes in the farm environment, and identified
markers of drug resistance. The research program on ectoparasites resulted in new research tools
and the discovery of novel diagnostics and vaccines to prevent clinical disease and block vector
borne- disease transmission.

COMPONENT 6: SELECTED ACCOMPLISHMENTS

Problem Statement 6A: Gastrointestinal (GI) Parasitic Diseases

Climatological Variation and Ecological Perturbation Drive Geographic and Host
Colonization Events for Parasites and Pathogens

ARS researchers in collaboration with academic scientists, characterized how episodic shifts in
climate and environmental conditions combine with host switching and other ecological
mechanisms to hasten parasite diversification. This view runs counter to more than a century of
co-evolutionary thinking about the nature of complex host-parasite assemblages. The Animal
Parasitic Diseases Laboratory, Beltsville, Maryland, introduced the concepts of hard tipping
points and shifting balances (related to temperature thresholds for parasite development) to
explain how the range expansion and establishment likely occurs. These new insights provide a
framework to understand and predict how ongoing and accelerating climate change will
influence the distribution of parasites and the emergence of disease in wild and domestic
animals, with consequences for food sustainability, availability, and animal and human health.

Scientific Publication:

Hoberg EP, Cook JA, Agosta SJ, Boeger W, Galbreath KE, Laaksonen S, Kutz SJ, Brooks DR.
2017. Arctic systems in the Quaternary: ecological collision, faunal mosaics and the
consequences of a wobbling climate. J Helminthol. 91(4):409-421. doi:
10.1017/50022149X17000347. https://doi.org/10.1017/S0022149X 17000347

Novel Screening System Developed to Identify Anti-parasite Molecules
A microfluidic device (“chip”) was developed to record the rhythmic contraction of the pharynx
of parasitic worms that control worm feeding. These electropharyngeograms (EPGs) can now be

62


https://doi.org/10.1017/S0022149X17000347

used to record responses from multiple worms per chip and can be used to evaluate novel drugs
that target worm feeding to damage worm development. Therefore, ARS scientists at the Animal
Parasitic Diseases Laboratory, Beltsville, Maryland, and colleagues at the University of
California - San Francisco, George Washington University, and the University of Oregon
validated this microfluidic technology using larval stages of parasitic human hookworms and the
pig large round worm Ascaris suum against known anti-parasite drugs. Novel drugs are now
being tested with this device. This showed that the microfluidic EPG platform provides a new
tool for screening candidate drugs that can be further tested to eliminate parasitic worms from
animals and humans.

Scientific Publication:

Weeks JC, Roberts WM, Robinson KJ, Keaney MI, Vermeire, JJ, Urban Jr JF, Lockery SR,
Hawdon JM. 2016. Microfluidic platform for electrophysiological recordings from host-stage
hookworm Ascaris suum larvae: a new tool for anthelmenthic research. International Journal for
Parasitology: Drugs and Drug Resistance. 6(3):314-328. doi: 10.1016/].1jpddr.2016.08.001.
https://doi.org/10.1016/].ijpddr.2016.08.001

Nanoparticles Improve Vaccines against Coccidiosis

Coccidiosis, a gut disease of poultry, costs U.S. producers $350 million annually due to poor
weight gain in affected animals and the costs of treatment. It is also listed by the World
Organization for Animal Health (OIE) as a high priority disease for which improved vaccines
would significantly reduce the need for antibiotic administration. Current vaccines are comprised
of low doses of highly infectious organisms and better vaccines are needed. ARS scientists at the
Animal Parasitic Diseases Laboratory, Beltsville, Maryland, discovered that attaching a
protective vaccine antigen to nanoparticles significantly improved efficacy. Chickens given the
vaccine by oral administration at hatch showed improved weight gain and feed conversion
efficiency, as compared to chickens vaccinated with the same antigen but without nanoparticles.
This technology may markedly improve the health and welfare of poultry flocks, reduce the costs
of poultry production and reduce the use of antibiotics in poultry by decreasing the occurrence of
concomitant bacterial infections.

Scientific Publication:

Jenkins MC, Stevens L, O’Brien CN, Parker CC, Miska KB, Konjufca V. 2018. Incorporation of
a recombinant Eimeria maxima IMP1 antigen into nanoparticles confers protective immunity
against E. maxima challenge infection. Vaccine. 36(8):1126-1131.
https://doi.org/10.1016/j.vaccine.2017.11.014

Development of an In-vitro Drug-sensitivity Test for Eimeria

Medication of poultry feed with ionophore drugs or synthetic chemicals represents a major way
to control avian coccidiosis in the poultry industry. However, this approach has become less
efficacious because of drug-resistance in Eimeria parasites. While there are several different anti-
coccidial drugs available, it is impossible to know ahead of time which drug to use on a
particular farm because there are no rapid tests for estimating drug-sensitivity in the resident
Eimeria population. ARS researchers at the Animal Parasitic Diseases Laboratory, Beltsville,
Maryland, developed an in vitro cell culture assay that utilizes chicken cells inoculated with the
parasite in the presence or absence of ionophore drugs. The effect of these drugs on parasite
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invasion and development was measured by using microscopy or molecular methods which
indicate that in vitro cell culture constitutes a viable, rapid, and less costly alternative to
evaluating drug-sensitivity in a broiler house. Poultry companies and poultry farmers will benefit
from this technology by knowing which anti-coccidial drugs to use to prevent avian coccidiosis
outbreaks.

Scientific Publication:

Jenkins MC, O'Brien CN, Fuller L, Mathis GF, Fetterer R. 2015. A rapid method for determining
salinomycin and monensin sensitivity in Eimeria tenella. Vet Parasitol. 206(3-4):153-158. doi:
10.1016/j.vetpar.2014.09.017. https://doi.org/10.1016/j.vetpar.2014.09.017

A New Cure for Hookworm

Hookworms are intestinal nematode parasites that infect nearly half a billion people globally.
They cause iron-deficiency, anemia and productivity losses of up to $139 billion annually. In
some places, available drugs have less than a 40% cure rate, increasing the threat posed by
emerging drug resistance. Fortunately, a pore-forming protein (Cry5B) produced by the soil
bacterium Bacillus thuringiensis (Bt) has demonstrated good efficacy against Ancylostoma
ceylanicum hookworm infections in hamsters. ARS scientists at the Beltsville Agricultural
Research Center, Beltsville, Maryland, broadened the application of Cry5B to dogs infected with
Ancylostoma caninum, and hamsters as a model for human hookworm infection with Necator
americanus. This protein, Cry5B, was shown to be highly effective against all hookworm
parasites tested and can be improved by neutralizing the effects of stomach acids. Efficacy did
not depend on the host immune system and did not decline with repeated dosing. A pan-
hookworm therapy with excellent properties for use in humans and other animals has thereby
been discovered.

Scientific Publication:

Hu Y, Nguyen T, Lee AC, Urban Jr JF, Miller MM, Zhan B, Koch DJ, Noon J, Abraham A,
Fujiwara T. 2018. Bacillus thuringiensis Cry5B protein as a new pan-hookworm cure.
International Journal for Parasitology: Drug and Drug Resistance. 8:287-294.
https://doi.org/10.1016/].ijpddr.2018.05.001

Comparative Genomics of the Major Parasitic Worm

Parasitic nematodes (roundworms) and platyhelminths (flatworms) cause debilitating chronic
infections of humans and animals, decimate animal production and are a major impediment to
socioeconomic development. ARS scientists at the Animal Parasitic Diseases Laboratory,
Beltsville, Maryland, and University collaborators undertook a major survey of genes that
modulate host immune responses, enable parasite migration through host tissues and allow
parasites to feed. They identified extensive lineage-specific differences in core metabolism and
protein families that have historically been targeted for drug development. From wide-ranging
analyses involving computer modeling and simulations, they identified and prioritized new
potential drug targets and compounds for testing. This study is the broadest and most
comprehensive comparative study to date utilizing the genomes of parasitic and non-parasitic
worms, providing a transformative new resource for the research community to understand and
combat the diseases that parasitic worms cause.
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Scientific Publication:

International Helminth Genomes Consortium. Coghlan, A, Tyagi, R, Cotton, J.A. et al. 2019.
Comparative genomics of the major parasitic worms. Nat Genet. 51:163—174.
https://doi.org/10.1038/s41588-018-0262-1

Problem Statement 6B: Hemoparasitic Diseases

A New Research Tool for Tick-transmitted Diseases that Eliminates the Need for Animals
Laboratory methods to enhance large-scale preparations of purified pathogens from infected tick
vectors are paramount to advance research of tick-transmitted diseases such as bovine
anaplasmosis, bovine babesiosis, Lyme disease, and Heartwater. But these methods require the
use of live animals to propagate these pathogens. Therefore, scientists at the Animal Diseases
Research Unit, Pullman, Washington, designed and developed a novel continuous flow
laboratory tick feeding system that facilitates isolating pure, free, and infectious tick-borne
pathogens, thus eliminating the traditional method of using animals for isolating pure cultures of
pathogens. Ticks are fed on a silicone membrane covering blood circulated at a constant
temperature, mimicking living animals. The laboratory tick feeding system will be a useful
method to improve live vaccine development for tick-borne diseases, to study pathogen-tick
vector interaction, and the tick-mammalian host interface. This new laboratory method not only
improves pathogen isolation but is responsive to the goal of improving animal welfare by
replacement, reduction and refinement of animal use in the study of tick transmitted diseases.

Scientific Publication:

Vimonish R, Johnson WC, Mousel R, Brayton KA, Scoles GA, Noh SM, Ueti MW. 2020.
Quantitative analysis of Anaplasma marginale acquisition and transmission by Dermacentor
andersoni fed in vitro. Scientific Reports. 10:470. https://doi.org/10.1038/s41598-019-57390-y

Improving the Accuracy of Diagnostic Tests for Bovine Babesiosis

Bovine babesiosis (also known as cattle tick fever) is a tick-transmitted disease caused by the
protozoan parasites Babesia bovis and B. bigemina. Babesia parasites can be transmitted by tick
vectors to cattle of any age, which can result in 90% mortality in naive adults. Babesiosis was a
significant problem in the southern United States until the eradication of the tick vector in the
1940’s. The United States imports a million head of cattle yearly from Mexico, where Babesiosis
and cattle fever ticks are present. The control measure used to prevent babesiosis from coming to
the United States is treating all cattle arriving from Mexico with acaricides to eliminate cattle
fever ticks. But, the recent discovery of acaricide resistant tick populations capable of
transmitting babesia species, and the re-emergence and spread of cattle fever ticks by wildlife on
the Texas - Mexico border is increasing the risk of the return of bovine babesiosis, which is a
major concern for the U.S. livestock industry. Therefore, scientists at the Animal Diseases
Research Unit, Pullman, Washington, have developed a modified diagnostic test with greater
accuracy than the current standard tests to determine the infection prevalence of bovine
babesiosis on the United States-Mexico border. This improved diagnostic test was fully
developed in collaboration with a commercial partner and is now available for use to determine
whether bovine babesiosis infections of cattle and wildlife are moving beyond the United States-
Mexico border.
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Scientific Publication:

Chung JC, Suarez CE, Bandaranayake-Mudiya NL, Bandaranayake-Mudiya N, Rzepka, J,
Heiniger TJ, Chung G, Lee SS, Adams E, Yun G. Waldron SJ. 2017. A novel modified-indirect
ELISA based on spherical body protein 4 for detecting antibody during acute and long-term
infections with diverse babesia bovis strains. Parasites & Vectors. 10(1):77.
https://doi.org/10.1186/s13071-017-2016-9

Identifying Conserved Epitopes for use in a Broadly Protective Vaccine Against Bovine
Anaplasmosis

Anaplasma marginale, the causative agent of bovine anaplasmosis, is a tick-borne bacterial
pathogen of cattle that causes economic losses to cattle producers throughout the world. This
pathogen is widespread in the United States, with greater than 80 percent of cattle in some
regions of Texas being infected. One of the constraints of vaccine development is the variability
of A. marginale strains such that one vaccine is not protective against all strains. In collaboration
with colleagues at Washington State University in Pullman, Washington, and the University of
Ghana in Legon, Ghana, ARS researchers at the Animal Diseases Research Unit, Pullman,
Washington, have identified a vaccine candidate that is broadly conserved among geographically
diverse strains, including those from North America, Mexico, Ghana and Australia. Importantly,
this vaccine candidate is recognized by T cells, is surface exposed and antigenic. This finding is
important for the development of a vaccine that is broadly protective against diverse 4.
marginale strains.

Scientific Publication:

Deringer JR, Forero-Becerra EG, Ueti MW, Turse JE, Futse JE, Noh SM, Palmer GH, Brown
WC. 2016. Identification of a T-cell epitope that is globally conserved among outer membrane
proteins (OMPs) OMP7, OMPS, and OMP9 of Anaplasma marginale strains and with OMP7
from the A. marginale subsp. centrale vaccine strain. Clinical and Vaccine Immunology.
24(1):e00406-16. doi: 10.1128/CVI1.00406-16. https://doi.org/10.1128/CVI1.00406-16

Transgenic Babesia bovis Lacking 6-Cys Sexual-stage Genes as the Foundation for a Non-
transmissible Live Vaccine Against Bovine Babesiosis

Babesia bovis, a tick-borne parasite responsible for bovine babesiosis has a complex life cycle
including sexual development in its Rhipicephalus microplus tick vector. Understanding the
molecular mechanisms involved in sexual development in ticks may provide a new approach for
developing future-generation transmission blocking vaccines. Recently discovered sexual
markers 6-CysA and 6-CysB genes of B. bovis were found to be expressed during the tick-stage
of B. bovis. ARS scientists at the Animal Diseases Research Unit, Pullman, Washington,
hypothesized that disruption of both 6-CysA and 6-CysB in B. bovis would result in unaltered
ability of the parasite to invade and grow in red blood cells but lose the ability to transmit to
ticks. Parasites deficient in genes required for sexual reproduction could be the foundation for
genetically-defined, non-transmissible live vaccines against bovine babesiosis that could help
reduce the burden of disease globally.

Scientific Publication:

Alzan HF, Lau A, Knowles DP, Herndon DR, Ueti MW, Scoles GA, Kappmeyer LS, Suarez CE.
2016. Expression of 6-Cys gene superfamily defines Babesia bovis sexual stage development
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within Rhipicephalus microplus. PLoS One. doi:10.1371/journal.pone.0163791.
https://journals.plos.org/plosone/article/file?type=printable&id=10.1371/journal.pone.0163791

Alzan A, Silva M, Davis W, Herndon DR, Schneider DA, Suarez CE. 2017. Geno- and
phenotypic characteristics of a transfected Babesia bovis 6-Cys-E knockout clonal line. Parasites
& Vectors. 10(1):214. https://doi.org/10.1186/s13071-017-2143-3
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Component 7: Transmissible Spongiform Encephalopathies

Rationale for the research:

Transmissible spongiform encephalopathies (TSEs) include several fatal diseases of people and
animals involving degeneration of the nervous system and brain function. Important TSEs
include Creutzfeldt-Jakob disease (CJD), the primary human prion disease; Scrapie of sheep and
goats; Chronic Wasting Disease (CWD) of deer, elk, and moose; and Bovine Spongiform
Encephalopathy (BSE), also called “mad cow,” which is the cause of variant CJD (vCJD) in
people and the only TSE known to have crossed the species barrier from animals to people.

Although significant scientific advances have been made, the research conducted to date has yet
to deliver many of the concrete solutions needed to safeguard people and animals from
devastating prion diseases. A critical concern is the potential for environmental, genetic, or
iatrogenic events to lead to new variant TSEs that are infectious and zoonotic.

Stakeholders representing the cattle, sheep, goat, captive cervids, and wildlife industries that
responded to the 2015 ARS animal health national survey identified research to control and
eradicate TSEs a national priority.

Research Needs:

Important gaps remain in our basic understanding of the pathobiology of animal prion diseases.
It is widely assumed that the oral route of infection is important in the pathogenesis of naturally
occurring TSEs of livestock and cervids; however, basic research is needed to understand the
mechanisms of transmission of TSE agents from the initial site of entry to the central nervous
system. A notable feature of prion diseases is a lack of detectable immune responses and
inflammation during the course of a prion infection, even though immune system cells may carry
prions to target tissues. To date, research in animals suggests that prion accumulation may be
largely influenced by the host species affected rather than the TSE involved. An investment in
comparative pathology, which has not received much experimental attention, is needed to
advance research programs in epidemiology and diagnostic discovery.

Prion diseases have stimulated intense scientific scrutiny since it was first proposed that the
infectious agent was devoid of nucleic acid. Despite this finding, host genetics has played a key
role in understanding the pathobiology and clinical aspects of prion diseases through the effects
of a series of polymorphisms and mutations in the prion protein gene. Nevertheless, the
functional genomics of disease resistance are not completely understood, and recent research
suggests genetic variations may lead to different clinical outcomes. There is a need to implement
research aimed at utilizing powerful computational biology and bioinformatic approaches, along
with traditional animal breeding experiments, to steadily improve our understanding of
mechanisms of genetic disease resistance.

Important gaps remain in our arsenal of diagnostic tools for early detection and countermeasures
to prevent disease outbreaks, transmission, and spread. Current diagnostic tests were validated
for use only on post-mortem samples; simple, sensitive, cost-effective ante mortem tests have yet
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to be developed. There is a critical need to improve diagnostics methods for surveillance,
including the discovery of an ante mortem test for early detection and implementation of
intervention strategies.

Anticipated Products from the Action Plan:

e Scientific information on the mechanisms responsible for the development of multiple
TSE strains within a host species.

e Scientific information on the manner in which prions enter the nervous system from
peripheral sites of exposure such as a host’s gastrointestinal tract, nasal mucosa, skin, and
eyes.

e Scientific information on the mechanisms by which prion spread within the nervous

system.

Scientific information on the mechanisms that control prion disease incubation times.

Scientific information on prion neuropathogenesis.

Scientific information on prion distribution in goats infected with Scrapie.

Scientific information on prion distribution in sheep infected with atypical Scrapie.

Identification of genetic variations associated with disease susceptibility.

Scientific information on the correlation between host genotypes and the phenotypes of

prion agents.

Identification of genetic factors controlling susceptibility of goats to sheep Scrapie.

e Scientific information to evaluate the effectiveness of disease resistance breeding
programs in sheep.

e Scientific information to evaluate sheep ARR/ARR genotype for resistance to different

TSE strains.

e Scientific information on the influence of genetics on BSE incubation time and the
frequency of animals carrying the E211K allele.

e TSE diagnostic test capable of detecting low levels of abnormal prions (i.e., key step to

enable the development of an ante mortem test that can identify disease during the early

stages of incubation).

Validation of existing biopsy-based TSE tests in goats, deer, and elk.

Rapid biochemical methods for strain typing.

Validated murine models for strain typing.

Improved diagnostics for TSEs in bodily fluids, including blood in host species where

this might be possible.

Technologies to distinguish infectious prions from normal cellular prion proteins.

e Determination of the prevalence of proteinase K sensitive prion in the various TSEs and
potential of this form to cause disparate results between IHC, WB, and ELISA tests.

Impact:

The impact of the research included scientific information to enable regulatory and action
agencies to promulgate science-based control programs. The development of diagnostics and
countermeasures has enhanced current federal and state control and eradication programs for
scrapie and CWD.
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COMPONENT 7: SELECTED ACCOMPLISHMENTS

Problem Statement 7A: Pathobiology of Prion Strains

Swine are Potential Hosts for the Scrapie Agent

A naturally occurring prion disease has not been recognized in swine, but the agent of bovine
spongiform encephalopathy does transmit to swine by experimental routes. Swine are thought to
have a robust species barrier when exposed to the naturally occurring prion diseases of other
species, but the susceptibility of swine to the agent of sheep scrapie has not been thoroughly
tested. Therefore, ARS scientists at the National Animal Disease Center, Ames, lowa, conducted
this experiment to test the susceptibility of swine to U.S. scrapie isolates by intracranial and oral
inoculation. Necropsies were done on a subset of animals at approximately 6 months post
inoculation (PI): the time the pigs were expected to reach market weight. Remaining pigs were
maintained and monitored for clinical signs of transmissible spongiform encephalopathies (TSE)
until study termination at 80 months PI or when removed due to disease. Brain samples were
examined by multiple diagnostic approaches, and for a subset of pigs in each inoculation group,
bioassay in mice expressing porcine prion protein. At 6 months PI, no evidence of scrapie
infection was noted by any diagnostic method. However, at 51 months of incubation or greater,
five animals were positive by one or more diagnostic methods. Furthermore, positive bioassay
results were obtained from all inoculated groups (oral and intracranial; market weight and end of
study) suggesting that swine are potential hosts for the agent of scrapie.

Scientific Publication:
Greenlee JJ, Kunkle RA, Smith JD, West Greenlee, MH. 2016. Scrapie in swine: a diagnostic
challenge. Food Safety. 4(4):110-114. https://doi.org/10.14252/foodsafetyfscj.2016019

Problem Statement 7B: Genetics of Prion Diseases Susceptibility

The Potential Role of Prion Genetics in Cattle with Classical Versus Atypical Bovine
Spongiform Encephalopathy

In 2006, a case of atypical bovine spongiform encephalopathy (BSE-H) was diagnosed in a cow
that was associated with a heritable genetic mutation in the bovine prion protein gene (PRNP).
Unlike classical BSE, which is caused by feeding cattle with contaminated BSE material, it is
thought that atypical BSE cases may occur spontaneously in cattle due to genetic mutations in
the PRNP. ARS scientists at the National Animal Disease Center, Ames, lowa, conducted a
series of pathogenicity studies and showed that the survival time of the cattle with the genetic
mutation inoculated with BSE-H was shorter (10 months) than cattle without the mutation (18
months). This genetic effect was not observed when cattle, with or without the genetic mutation,
were inoculated with classical BSE. Their survival time was 26 months, regardless of whether
the cattle had the genetic mutation or not. The results of these studies demonstrate that the
genetic mutation associated with atypical BSE exhibits a number of features that differ from
classical BSE. Understanding the association between this genetic mutation and BSE provides
important information on the potential public health risk of atypical BSE.
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Scientific Publication:

Moore SJ, West Greenlee MH, Smith JD, Vrentas CE, Nicholson EM, Greenlee JJ. 2016. A
Comparison of Classical and H-Type Bovine Spongiform Encephalopathy Associated with
E211K Prion Protein Polymorphism in Wild-Type and EK211 Cattle Following Intracranial
Inoculation. Front Vet Sci. 3:78. https://doi.org/10.3389/fvets.2016.00078

Identifying and Breeding Goats Resistant to Scrapie

Scrapie is a fatal brain disease of goats and sheep for which there is no treatment. Scrapie is
caused by the progressive accumulation of an abnormal form of the prion protein and loss of
brain cells that often leads to abnormal behavior, lack of coordination, gait abnormalities and
reduced mobility and body condition, but which always leads to death. Historically, a single
diagnosis of scrapie results in permanent quarantine or euthanasia of all goats and sheep on the
farm. The sheep industry has had an important tool in the struggle to eradicate scrapie in the
form of genetic resistance. The strong resistance to scrapie in sheep comes from the R171 gene
allele, which changes the amino acid at position 171 of the prion protein to arginine (written
simply as “R”). Conversely, genetic resistance has not been available to the goat industry. This
recently changed with the discovery of two naturally occurring prion gene alleles in goats that
have shown exceptional promise for conferring resistance. The first is S146, which denotes a
serine (S) amino acid at prion protein position 146. The second is K222, which denotes a lysine
(K) amino acid at position 222. Through an experiment that has lasted close to 10 years, ARS
scientists at the Animal Diseases Research Unit, Pullman, Washington, along with other
laboratories around the world have shown that even one copy of either S146 or K222 confers
strong resistance to classical scrapie in goats, much like R171 in sheep. Although the USDA
National Scrapie Eradication Program has not yet formally recognized these alleles, USDA is
planning pilot genetic based cleanup plans for goats similar to what has been done for sheep.
Scrapie resistance should enhance goat breeding programs and goat health in major ways.
Importantly, breeding scrapie resistant goats will benefit all small ruminant producers by
reducing scrapie in the United States and help work towards import/export status for the United
States as a scrapie-free country.

Scientific Publication:

Cinar MU, Schneider DA, Waldron DF, O’Rourke KI, White SN. 2018. Goats singly
heterozygous for PRNP S146 or K222 orally inoculated with classical scrapie at birth show no
disease at ages well beyond six years. Vet J. 233:19-24. doi: 10.1016/j.tvj1.2017.12.019.
https://doi.org/10.1016/].tvj1.2017.12.019

Problem Statement 7C: Diagnostics, Detection, and Surveillance

Improved Diagnosis of Transmissible Spongiform Encephalopathies (TSEs) of Sheep, Goats,
and Elk

Gold standard diagnostic testing for the TSEs of small and wild ruminants in the United States is
performed by immunohistochemistry analysis of formalin fixed tissues using an automated,
monoclonal antibody-based system with reagents and procedures developed by the Animal
Disease Research Unit, Pullman, Washington. ARS researchers in Pullman, Washington, and
their partners at Washington State University demonstrated that infectious prions can be detected
from much smaller blood sample volumes, even during preclinical infection. This study supports
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further development of a safe and highly efficient blood-based diagnostic test for preclinical
scrapie infection in sheep.

Scientific Publication:

Dassanayake RP, Truscott TC, Zhuang D, Schneider DA, Madsen-Bouterse SA, Young AJ,
Stanton JB, Davis WC, O'Rourke KI. 2015. Classical natural ovine scrapie prions detected in
practical volumes of blood by lamb and transgenic mouse bioassays. J Vet Sci. 16(2):179-86.
https://doi.org/10.4142/jvs.2015.16.2.179

Sensitive and Specific Detection of Classical Scrapie Prions in the Brains of Goats

Scrapie is a transmissible spongiform encephalopathy that causes fatal neurodegenerative
disorders in goats and sheep. “Real-time quaking-induced conversion” is a rapid, specific and
highly sensitive detection assay used to detect low levels of abnormal scrapie prion proteins
(PrPSc). Although this sensitive assay has been successfully used to detect abnormal prion
proteins in various tissues from humans and animals, including sheep, tissues from goats infected
with scrapie have not yet been tested. ARS scientists at the Animal Diseases Research Unit,
Pullman, Washington, in collaboration with scientists at Washington State University, evaluated
whether abnormal prion proteins could be detected in the brain tissues of goats with scrapie
using this sensitive assay, optimized reaction conditions to improve scrapie detection in goats,
and compared the performance of this sensitive assay for the detection of scrapie with the more
commonly used prion detection methods. ARS scientists further optimized assay conditions for
sensitive and specific detection of goat scrapie in clinical animals. The results from these studies
provided good discrimination between scrapie-infected and normal goat brain samples.
Importantly, these studies indicated that this highly sensitive assay was at least 10,000-fold more
sensitive than the commonly used prion detection methods for the detection of scrapie activity in
goat brain samples.

Scientific Publication:

Dassanayake RP, Orra CD, Hughson AG, Caughey B, Graga T, Zhuang D, Madsen-Bouterse
SA, Knowles DP, Schneider DA. 2016. Sensitive and specific detection of classical scrapie
prions in the brains of goats by real-time quaking-induced conversion. J Gen Virol. 97(3):803-
812. doi: 10.1099/jgv.0.000367. https://dx.doi.org/10.1099%2Fjgv.0.000367

A Method for Long Term Storage of Prion Protein Used in Diagnostic Tests

Prion diseases include Scrapie, Chronic Wasting Disease and mad cow disease. Recent advances
in prion disease diagnostic methods include the amplification of the amount abnormal prion
protein is in a sample. One such technique, known as RT-QulC, requires a steady supply of
freshly purified prion protein, which necessitates constant production that is not sustainable in a
diagnostic laboratory setting. ARS researchers at the National Animal Disease Center, Ames,
Iowa, developed a method to dry and preserve the prion protein for long term storage (months or
years). This allows for production of the prion protein in larger quantities, and it can be shipped
to diagnostic laboratories facilitating widespread use of RT-QulC as a diagnostic method.
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Scientific Publication:

Hwang S, Tatum T, Lebepe-Mazur S, Nicholson EM. 2018. Preparation of lyophilized
recombinant prion protein for TSE diagnosis by RT-QulC. BMC Res Notes. 11(1):895. doi:
10.1186/s13104-018-3982-5. https://doi.org/10.1186/s13104-018-3982-5

Research Impact beyond Animal Health: Biomedical Research

The Silver Bullet: Utilizing Vesicular Stomatitis Virus to Treat Cancer

Vesicular stomatitis virus (VSV) is an animal pathogen that causes vesicular disease in horses,
cattle and pigs. VSV is a bullet-shaped enveloped virus that grows rapidly producing powerful
immune response that can be used as a vaccine to prevent and/or treat infectious disease and
cancer in humans and animals. Modified VSV has been shown to replicate selectively in and kill
cancer cells and were not pathogenic during clinical trials in humans and dogs. However, there is
concern that these VSV vectors could be pathogenic and transmissible to farm animals (e.g.
pigs). ARS scientists at the Plum Island Animal Disease Center, Orient, New York, collaborated
with scientists at the Mayo Clinic, Rochester, Minnesota, and showed that VSV is safe not only
to humans and dogs, but also in pigs. These studies pave the way for further development of this
promising cancer therapy.

Scientific Publication:

Velazquez-Salinas L, Niak S, Peng K, Pauszek SJ, Rodriguez LL. 2017. Oncolytic recombinant
vesicular stomatitis virus (VSV) is nonpathogenic and non-transmissible in pigs, a natural host of
VSV. Human Gene Therapy. 28(2):108-115. https://doi.org/10.1089/humc.2017.015
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APPENDIX 1

National Program 103 — Animal
Health ACCOMPLISHMENT REPORT
2016 — 2020

List of Research
Projects

Albany, California

Western Regional Research Center
Produce Safety and Microbiology Research Unit

2030-32000-010-00D

Immunodiagnostics to Detect Prions and Other Important Animal Pathogens; Robert
Hnasko (P), Christopher Silva and Vivian Wu

Ames, lowa

National Animal Disease Center
Infectious Bacterial Diseases Research Unit

5030-32000-221-00D

Characterization of Antigens, Virulence Markers, and Host Immunity in the
Pathogenesis of Johne’s Disease; Judith Stabel (P) and John Bannantine

5030-32000-222-00D

Characterize the Immunopathogenesis and Develop Diagnostic and Mitigation
Strategies to Control Tuberculosis in Cattle and Wildlife; Mitchell Palmer (P)

5030-32000-223-00D

Characterization of the Pathogenesis and Antigen Expression in Spirochete Diseases;
David Alt (P), Jarlath Nally, Darrell Bayles and Jennifer Wilson-Welder

5030-32000-224-00D

Pathogenesis and Development of Improved Diagnostic and Control Strategies for
Brucellosis in Livestock and Wildlife; Steven Olsen (P) and Paola Boggiatto

National Animal Disease Center
Ruminant Diseases and Immunology Research Unit

5030-32000-115-00D

Non-antibiotic Approaches to Control Mastitis; John Lippolis (P) and Timothy
Reinhardt

5030-32000-116-00D

Identification of Disease Mechanisms and Control Strategies for Bacterial Respiratory
Pathogens in Ruminants; Randy Sacco (P), Fred Tatum, Hao Ma, Rohana
Dassanayake, Eduardo Casas, Robert Briggs and Karen Register

5030-32000-117-00D

Identification of Disease Mechanisms and Control Strategies for Viral Respiratory
Pathogens of Ruminants; John Neill (P), Hao Ma, Rohana Dassanake, Randy Sacco,
Shollie Falkenberg and Eduardo Casas

National Animal Disease Center
Virus and Prion Research Unit

5030-32000-114-00D

Pathobiology, Genetics, and Detection of Transmissible Spongiform
Encephalopathies; Eric Nicholson (P), Kelly Lager and Justin Greenlee

5030-32000-118-00D

Intervention Strategies to Control Endemic and New and Emerging Viral Diseases of
Swine; Kay Faaberg (P), Alexandra Buckley, Laura Miller and Kelly Lager

5030-32000-119-00D

Non-Antibiotic Strategies to Control Priority Bacterial Infections in Swine; Susan
Brockmeier (P), Kelly Lager and Tracy Nicholson

5030-32000-120-00D

Intervention Strategies to Control Influenza A Virus Infection in Swine; Amy Vincent
(P), Tavis Anderson and Kelly Lager
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Athens, Georgia

U.S. National Poultry Research Center
Southeast Poultry Research Laboratory
Endemic Poultry Viral Diseases Research Unit

6040-32000-073-00D

Intervention Strategies to Prevent and Control Enteric Diseases of Poultry; Qingzhong
Yu (P) and John Dunn

6040-32000-074-00D

Genetic and Biological Determinants of Avian Herpesviruses Pathogenicity,
Transmission, and Evolution to Inform the Development of Effective Control
Strategies; Stephen Spatz (P), Taejoong Kim, John Dunn and Hans Cheng ** Project
managed by Avian Disease and Oncology Research™*

6040-32000-075-00D

Intervention Strategies to Prevent and Control Immunosuppressive Viruses of Poultry
Associated with Secondary Pathogen Infections; David Swayne (P) and John Dunn

6040-32000-076-00D

Integrative Strategies to Mitigate Enteric Diseases of Poultry; David Swayne (P)

Southeast Poultry Research Laboratory
Exotic and Emerging Avian Viral Diseases Research Unit

6040-32000-066-00D

Intervention Strategies to Prevent and Control Disease Outbreaks Caused by
Emerging Strains of Avian Influenza Viruses; Mary Pantin-Jackwood (P), David
Swayne, David Suarez, Erica Spackman and Darrell Kapczynski

6040-32000-072-00D

Intervention Strategies to Predict, Prevent and Control Disease Outbreaks Caused by
Emerging Strains of Virulent Newcastle Disease Viruses; Claudio Afonso (P) and
David Suarez

Beltsville, Maryland

Animal Biosciences & Biotechnology Laboratory

8042-32000-107-00D

Non-antibiotic Strategies to Control Enteric Diseases of Poultry; Hyun Lillehoj (P)
and Charles Li

Animal Parasitic Diseases Laboratory

8042-31000-107-00D

Molecular Approaches to Control Intestinal Parasites that Affect the Microbiome in
Swine and Small Ruminants; Joseph Urban (P), Robert Li and Dante Zarlenga

8042-32000-102-00D

Evaluation of Swine Immunity and Development of Novel Immune and Genomic
Intervention Strategies to Prevent and/or Treat Respiratory Diseases of Swine; Joan
Lunney (P)

8042-32000-105-00D

Immune, Molecular, and Ecological Approaches for Attenuating GI Nematode
Infections of Ruminants; Dante Zarlenga (P) and Wenbin Tuo

8042-32000-111-00D

Development of Control and Intervention Strategies for Avian Coccidiosis; Mark
Jenkins (P)

Clay Center, Nebraska

U.S. Meat Animal Research Center

Animal Health Research

3040-32000-034-00D

Genomic Intervention Strategies to Prevent and/or Treat Respiratory Diseases of
Ruminants; Carol Chitko-McKown (P), Aspen Workman, Gregory Harhay, Michael
Clawson and Michael Heaton

Manhattan, Kansas

Center for Grain and Animal Health Research
Arthropod-Borne Animal Diseases Research Unit

3020-32000-009-00D

Rift Valley Fever Pathogenesis, Epidemiology, and Control Measures; William
Wilson (P), Leela Noronha, Dana Mitzel and Barbara Drolet
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3020-32000-010-00D

Orbivirus Pathogenesis, Epidemiology, and Control Measures; Barbara Drolet (P),
William Wilson, Dana Mitzel, Dana Nayduch and Leela Noronha

3020-32000-013-00D

Ecology of Vesicular Stomatitis Virus (VSV) in North America; Barbara Drolet (P),
Lee Cohnstaedt, Dana Mitzel and William Wilson

3020-32000-014-00D

Japanese Encephalitis Virus Prevention and Mitigation Strategies; Leela Noronha (P),
David McVey, Barbara Drolet, Dana Mitzel and William Wilson

Manhattan, Kansas

National Bio and Agro-Defense Facility

3022-32000-012-00D

Training of Biodefense Research Workforce for the National Bio and Agro-defense
Facility (NBAF); David McVey (P)

3022-32000-017-00D

National Bio and Agro-Defense Facility Scientists Project; David McVey (P)

Mississippi State, Mississippi

Poultry Research Center

6064-13000-013-00D

Systems Approach to Understanding and Mitigating Avian Escherichia coli Infections
and Antimicrobial Resistance in the Poultry Environment; Jeffrey Evans (P), Leigh
Spencer and Joseph Purswell

6064-32000-012-00D

Transmission, Pathogenesis, and Control of Avian Mycoplasmosis; Jeffrey Evans (P),
Joseph Purswell, Scott Branton and Spencer Leigh

Orient Point, New York

Plum Island Animal Disease Center

8064-32000-059-00D

Ecology of Vesicular Stomatitis Virus (VSV) in North America; Luis Rodriguez (P),
James Zhu and Jonathan Arzt

8064-32000-060-00D

Countermeasures to Control and Eradicate Foreign Animal Diseases of Swine;
Manuel Borca (P), James Zhu, Luis Rodriguez, Jonathan Arzt and Douglas Gladue

8064-32000-061-00D

Intervention Strategies to Support the Global Control and Eradication of Foot-and-
Mouth Disease Virus (FMDV); Luis Rodriguez (P), Manuel Borca, Teresa De Los
Santos, Aida Rieder, James Zhu and Jonathan Arzt

Pullman, Washington

Animal Disease Research Unit

2090-32000-035-00D

Genetic Impact and Improved Diagnostics for Sheep and Goat Transmissible
Spongiform Encephalopathies; David Schneider (P), Stephen White, Naomi Taus,
David Herndon, Lowell Kappmeyer, Cristina Cunha and Michelle Mousel

2090-32000-036-00D

Identification of Host Factors and Immunopathogenesis of Pneumonia in Domestic
and Bighorn Sheep; Stephen White (P), David Herndon, Lowell Kappmeyer and
Michelle Mousel

2090-32000-037-00D

Diagnostic and Control Strategies for Malignant Catarrhal Fever; Cristina Cunha (P)

2090-32000-038-00D

Identification of Tick Colonization Mechanisms and Vaccine Development for
Anaplasmosis; Susan Noh (P), David Herndon, Lowell Kappmeyer and Massaro Ueti

2090-32000-039-00D

Development of Detection and Control Strategies for Bovine Babesiosis and Equine
Piroplasmosis; Massaro Ueti (P), Lowell Kappmeyer, Naomi Taus, Carlos Suarez and
Lindsay Fry

* For the sake of consistency, projects are listed and organized in Appendix 1 according to the ARS project
number used to track projects in the Agency’s internal database. A (P) after a scientist's name indicates the
project’s principal investigator.
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APPENDIX 2

National Program 103 — Animal Health
ACCOMPLISHMENT REPORT 2016 — 2020

Publications by Research Project

* For the sake of consistency, projects are listed and organized in Appendix 2 according to the ARS project
number used to track projects in the Agency’s internal database. A (P) after a scientist's name indicates the
project’s principal investigator.

Albany, California
Western Regional Research Center
Produce Safety and Microbiology Research Unit

2030-32000-010-00D
Immunodiagnostics to Detect Prions and Other Important Animal Pathogens; Robert Hnasko (P),
Christopher Silva and Vivian Wu

Silva, C.J., Erickson-Beltran, M.L., Duque Velasquez, C., Aiken, J.M., McKenzie, D. 2020. A General
Mass Spectrometry-Based Method of Quantitating Prion Polymorphisms from Heterozygous Chronic
Wasting Disease-Infected Cervids. Analytical Chemistry. 92(1):1276-1284.
https://doi.org/10.1021/acs.analchem.9b04449

Hnasko, R.M., Lin, A.V., McGarvey, J.A., Stanker, L.H. 2018. Enhanced detection of infectious prions
by direct ELISA from the brains of asymptomatic animals using DRM2-118 monoclonal antibody and
Gdn-HCI. Journal of Immunological Methods. 456:38-43. https://doi.org/10.1016/j.jim.2018.02.010.

Hnasko, R.M., Lin, A.V., Stanker, L.H., McGarvey, J.A. 2018. A bioassay for the optimization of
macrophage conditioned medium (MCM) as culture supplement used to promote hybridoma cell survival
and growth. Monoclonal Antibodies in Immunodiagnosis and Immunotherapy. 37(3):126-133.
https://doi.org/10.1089/mab.2018.0008.

Sevillano, A.M., Fernandez-Borges, N., Younas, N., Wang, F., Elezgarai, S.R., Bravo, S., Vazquez-
Fernandez, E., Rosa, L., Erana, H., Gil, D., Veiga, S., Vidal, E., Erickson-Beltran, M.L., Guitian, E., Silva,
C.J., Nonno, R., Ma, J., Castilla, J., Requena, J.R. 2018. Recombinant PrPSc shares structural features
with brain-derived PrPSc suggesting that they have a similar architecture: Insights from limited
proteolysis. PLoS Pathogens. 14(1):e1006797. https://doi.org/10.1371/journal.ppat.1006797.

Silva, C.J. 2018. Food forensics: using mass spectrometry to detect foodborne protein contaminants as
exemplified by Shiga toxin variants and prion strains. Journal of Agricultural and Food Chemistry.
66(32):8435-8450. https://doi.org/10.1021/acs.jafc.8b01517.

Babrak, L.M., McGarvey, J.A., Stanker, L.H., Hnasko, R.M. 2017. Identification and verification of
hybridoma-derived monoclonal antibody variable region sequences using recombinant DNA technology
and mass spectrometry. Molecular Immunology. 90:287-294.
https://doi.org/10.1016/].molimm.2017.08.014.
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https://doi.org/10.1371/journal.ppat.1006797
https://doi.org/10.1021/acs.jafc.8b01517
https://doi.org/10.1016/j.molimm.2017.08.014

Silva, C.J., Erickson-Beltran, M.L., Martin-Burriel, 1., Badiola, J., Requena, J.R., Bolea, R. 2017.
Determining the relative susceptibility of four prion protein genotypes to atypical scrapie. Analytical
Chemistry. 90(2):1255-1262. https://doi.org/10.1021/acs.analchem.7b03985.

Silva, C.J., Erickson-Beltran, M.L., Hui, C., Badiola, J.J., Nicholson, E.M., Requena, J.R., Bolea, R.
2016. Quantitating PrP polymorphisms present in prions from heterozygous scrapie-infected sheep.
Analytical Chemistry. 89(1):854-861. https://doi.org/10.1021/acs.analchem.6b03822

Llorens, F., Thiine, K., Schmitz, M., Ansoleaga, B., Frau-Méndez, M.A., Cramm, M., Tahir, W.,
Gotzmann, N., Berjaoui, S., Carmona, M., Silva, C.J., Fernandez-Vega, ., Jos¢ Zarranz, J., Zerr, 1.,
Ferrer, 1. 2016. Identification of new molecular alterations in fatal familial insomnia. Human Molecular
Genetics. 25(12):2417-2436. https://academic.oup.com/hmg/article/25/12/2417/2525733
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APPENDIX 3

National Program 103 — Animal Health

ACCOMPLISHMENT REPORT 2016-2020

Over the last two 5-year cycles of NP 103, the following highlight NP 103 technology

transfer outcomes:

Type 2011-2015 2016-2020
Inventions disclosed 65 63
Patents filed 34 45
Patents approved 8 28
Biological material inventions 8 28
Biological material licenses from inventions 8 26
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APPENDIX 4

Research Collaborations

Number of Cooperative Research and Development Agreements (CRADAs): 10

Number of Trust Funds: 18
Number of Reimbursables: 21

External Grant Sources of Funding for National Program 103 Projects

2016-2020

Grants from universities usually involved cooperative research projects jointly conducted with
university partners. In many cases this funding originated from third parties, such as the USDA
National Institute for Food and Agriculture, National Institutes of Health, USAID, and other

industry, non-profit, and government sources.

University Government International Industry
29 31 18 51
Universities: Research Organizations:

Instituto de Biotechnologia Y Biologia
Molecular

Iowa State University

Kansas State University
Konkuk University

Michigan State University
Ohio State University
Pennsylvania State University
Rutgers University

Tennessee State University
University of Cambridge, United Kingdom
Universidade Estadual Paulista
University of California
University of Connecticut
University of Florida
University of Georgia
University of Illinois
University of Minnesota
University of Nebraska
Washington State University
Yale University

Bill and Melinda Gates Foundation
International Development Research Centre
John G Shedd Aquarium

National Marine Mammal Foundation
National Veterinary Research Institute,
Nigeria

Sea World Parks and Entertainment, Inc

St. Jude Children’s Research Hospital
Swine Health Information Center

United States-Israel Binational Agricultural
Research and Development Fund (BARD)




Industries/Companies:
Adisseo

Alopexx Vaccine, LLC
Aptimune

Aviagen North America, Inc
Biocheck USA

Bio-x Diagnostics
Boehringer Ingelheim Animal Health
Codagenix, Inc

Dovetail Genomics, LLC
DSM

Elanco

Fuller Laboratories
Globion India Private, LTD
Gobroxia

HIPRA

Huvepharma

Merck and Company
Palantir Technologies
Pancosma

Park Systems, Inc.

Prevtec Microbia, Inc.
Proliant Biologicals, Inc.
Recombinetics, Inc.

Seppic

U.S. Biologic, Inc.

Zoetis

Government:

Animal and Plant Quarantine Agency, Korea
Centers for Disease Control and Prevention
Kansas Bioscience Authority

U.S. Department of Agriculture, Animal and
Plant Health Inspection Service (APHIS)
U.S. Department of Agriculture, National
Institute of Food and Agriculture (NIFA)
U.S. Department of Defense

U.S. Department of Health and Human
Services, NIH National Institute of Allergy
and Infectious Diseases

U.S. Department of Homeland Security

U.S. Department of the Interior, Fish and
Wildlife Services

U.S. Navy, Office of Naval Research

178

Non-Government Organizations

Animal Health Research Institute, Taiwan
Egyptian Cultural and Education Bureau
Global Alliance for Livestock Veterinary
Medicines (GALVMED)

National Pork Board

U.S. Poultry and Egg Association



Outgoing Funding to Support ARS Research Programs
2016-2020

Non-Assistance Cooperative Agreements

United States Universities
Auburn University

Case Western Reserve University
Iowa State University

Kansas State University

Loyola University of Chicago
Mississippi State University
Ohio State University

South Dakota State University
University of California
University of Connecticut
University of Delaware
University of Georgia

University of Illinois

University of Maryland
University of Minnesota
University of New Mexico
University of Wisconsin
Washington University, St Louis, Missouri
Washington State University

International Universities

Technical University of Denmark, National
Veterinary Institute

The Royal Veterinary College of London
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Universidade Del Pais Vasco

Universidade Federal do Rio Grande do Sul
(UFRGS)

Universitat Pompeu Fabra

International Research Organizations
Canadian Food Inspection Agency

Centre de Recerca en Sanitat Animal
Friedrich-Loeffler Institut

Fundacion Aregeninta

Kenya Agricultural and Livestock Research
Organization

Instituto Nacional de Tecnica Aerospacial
University of Copenhagen

Wildlife Science and Conservation Center,
Ulaanbaatar

U.S. Companies
Conservation X Labs, Inc
Immport Therapeutics, Inc

International Companies
SAGARPA/SENASICA
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