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ToR: To provide services to the OIE, in particular within the region, in the
designated specialty, in support of the implementation of OIE policies and, where
required, seek for collaboration with OIE Reference Laboratories

ToR: To identify and maintain existing expertise, in particular within its region

1. Activities as a centre of research, expertise, standardisation and dissemination of techniques
within the remit of the mandate given by the OIE

Disease control

Title of activity Scope

Poultry Antimicrobial use report

On August 5, Dr. Randall Singer (University of Minnesota)
released a comprehensive report on antimicrobial use in

U.S. broiler and turkey industries for the years 2013-2017.
Dr. Singer's research was conducted under a cooperative

agreement with FDA, and with Center for Epidemiology and
Animal Health (CEAH) subject matter experts Kathe Bjork

and Lindsey Garber providing auditing and other
collaborative support. Estimates were computed and

reported for antimicrobials administered in feed, water and
via injection, and are related to disease and purpose for
use. Trends are also reported, with many reductions in

specific uses documented. The report is available online at
http://www.uspoultry.org/poultry-antimicrobial-use-report/

Outbreak Investigation Support

CEAH Members supported the Center for Disease Control
(CDC), the Food Safety and Inspection Service (FSIS), and
the Agriculture Research Service (ARS) as they addressed

an outbreak of Salmonella Newport Clade III, a strain of
Salmonella that is multi-drug resistant and especially

concerning due to its resistance to azithromycin. There
have been >220 human cases reported in multiple states

over the past 6 months, with the potential sources of
infection identified as travel to Mexico, consumption of soft
cheese from Mexico, and consumption of beef in the U.S.

FSIS has only detected two cattle with the S. Newport clade
in the agency's surveillance streams. CDC has requested
help with understanding cattle and product movements,
and RIRA and CHC SMEs provided information on cross-

border movements.
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African Swine Fever Preparedness Efforts

On May 21, Gericke Cook shared with Plant Protection and
Quarantine (PPQ) analytical staff the latest developments in

analyzing likelihood of entry for plant and animal
pests/diseases. The effort developed a method for

estimating slippage of quarantine materials potentially
contaminated with African Swine Fever virus through the air
passenger baggage pathway. In the course of development,

we found that shared data sources makes the approach
extensible to PPQ applications, creating the potential for an
APHIS-wide standard methodology. PPQ indicated interest in
immediately applying the models to specific pest projects,

as well as ideas for adapting to other applications. A
secondary outcome included a metric for evaluating
targeting efficiency of port inspections for different

commodity groups over time. This was proposed as a useful
tool for providing feedback to CPB, with regard to improving

interdiction activities at a port of entry. Following the
presentation, Gericke completed a technology transfer to

PPQ, so they can apply the same methodology in their own
applications.

The USDA added ASF testing to our existing classical swine
fever (CSF) surveillance. The surveillance plan development

was a combined effort involving team members from VS
Center for Epidemiology and Animal Health (CEAH)
Surveillance Design and Analysis and Information

Management and Analytical support staffs as well as VS’
swine health center staff, and many other staff

Epidemiology, surveillance, risk assessment, modelling

Title of activity Scope

Swine Hemorrhagic
Diseases

CEAH collaborates on an African Swine Fever/Classical Swine Fever surveillance plan and
used a newly develop ASF disease spread model to estimate laboratory surge capacity.
Work performed in collaboration with ARS published in Scientific Reports and describes
investigations into transmission of FMD virus in pigs before the onset of clinical signs.

Offers potential impacts to FMD outbreaks using U.S. disease spread simulations.
Publication available at: https://rdcu.be/boqcz

National Invasive Species Council Collaboration

CEAH collaborated with the National Invasive Species Council (NISC) to share scientific and
technology standards of practice for the identification, detection, mitigation, and/or

eradication of invasive species.

Dr. Gericke Cook, a CEAH member, published a paper in collaboration with PPQ, Forest
Service and the U.S. Geological Survey on the impact of iterative modeling for early

detection of invasive species and targeting surveillance across spread pathways.

National Animal Health Surveillance System Report

CEAH and personnel from other VS units collaborated to complete the annual report of the
National Animal Health Surveillance System (NAHSS) and the National Animal Health

Reporting System (NAHRS) for 2017. This report includes a summary of selected federally
supported active and passive surveillance activities in calendar year 2017, as well as a
summary of NAHRS reporting by participating States. This document also includes an

overview of the OIE and U.S. reporting to the OIE in 2017. In addition, the report includes
the 2017 National List of Reportable Animal Diseases as well as the U.S. status of OIE-listed

diseases for calendar year 2017. You may access the report at
https://www.aphis.usda.gov/animal_health/monitoring_surveillance/nahss-annual-report.pdf

Epidemiological models webinar
CEAH gave a webinar presentation to the USAHA Committee on Animal Emergency

Management on the use of epidemiological models to support foreign animal disease
emergency response activities.

Comprehensive and Integrated Animal Disease Surveillance
webinar

CEAH presented a webinar on Comprehensive and Integrated Animal Disease Surveillance
in the U.S. agriculture to a multidisciplinary group of graduate students and professionals.

vND Outbreak Support
CEAH provided epidemiological, surveillance, risk analysis and modeling support for the

virulent Newcastle disease outbreak in California virtually from the Center for Epidemiology
and Animal Health as well as members on location in California.

National and Regional disease-spread and control models
CEAH has developed national disease-spread and control models for African Swine Fever
and Classical Swine Fever. CEAH has developed regional disease and control model for

Virulent Newcastle Disease

Statistical Models CEAH developed statistical models to describe probability distribution functions at the
serotype level for infection state durations for foot-and-mouth disease
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Economic consequences of emergency vaccination for FMD

CEAH characterized the economic consequences of two analyses for emergency
vaccination for FMD. 1) Surveillance for FMD free status recovery after a simulated

outbreak in the US with emergency vaccination; and 2) Sensitivity of economic losses to
post-outbreak management of FMD vaccinated animals after a simulated outbreak in the

US with emergency vaccination.

Spatial model of AI environmental persistence risk

CEAH in cooperation with Colorado State University developed a spatial model of AI
environmental persistence risk in South Carolina. The pilot study analyzed environmental

parameters, including wild bird populations, wild bird habitat, and water factors
(presence/salinity/temperature) to estimate risk of the AI virus persisting in natural

environments. The relative risk to poultry operations was also measured. Methods will be
applied to other States and at a national scale.

Collaboration in Validation Methods – Commercial Poultry
CEAH worked to refine validation methods that measure the accuracy of two commercial

poultry operation models; the Farm Location and Population Simulator and the newer
Hybrid (blend of remote sensing and simulation methods).

PACCARB

On July 10-11, 2019, Dr. Chelsey Shivley, CEAH, attended the Presidential Advisory Council
on Combating Antibiotic Resistant Bacteria (PACCARB) Public Meeting as the APHIS

representative, on behalf of Dr. Sarah Tomlinson. The meeting focused on using a One
Health approach to combating antibiotic resistance, and included representatives from

human, animal, and environmental health. Featured at this meeting were challenges faced
by pharmacies, dentists, and veterinarians, as well as solutions for changing behavior

regarding antimicrobial use.

ASF

CEAH Epidemiologists prepared a draft African Swine Fever (ASF) outbreak surveillance
standard operating procedure document and shared it with the National Preparedness and

Incident Coordination (NPIC) staff. This draft was also shared during an ASF tabletop
exercise coordinated by NPIC to give the participating State and industry personnel an

initial view of proposed ASF outbreak surveillance sampling should ASF gain entry into the
U.S. swine herd. The exercise involved participants from 10 States; in addition,

representatives from Mexico and Canada observed the exercise and provided feedback
about challenges and concerns they are facing in their countries. Participants shared

constructive questions and feedback on the document, which SDA will use to refine future
ASF outbreak preparedness and response surveillance plans.

Kamina Johnson completed and communicated the result

Training, capacity building

Title of activity Scope

National Mastitis Annual Meeting

Dr. Jason Lombard attended the National Mastitis Council
Annual meeting which included participants from many
foreign countries. CEAH normally presents data on milk
quality using bulk tank somatic cell count data obtained
from the federal milk marketing orders, but due to the

government shutdown, the data were not analyzed in time
to present at the meeting. Jason was responsible for

organizing the program for the meeting.

IBD -- Turkeys

CEAH members: Matt Branan and Lindsey Garber
participated in an effort to train turkey industry personnel
regarding implementation of an infectious bursal disease

prevalence study in pre-slaughter turkeys in Australia. This
study is being conducted at the request of the turkey
industry to support export of turkey meat to Australia.

Aquatic Foreign and Emerging Disease Training

CEAH members, Dr.’s Lori Gustafson, Pauline Nol, Meg
Parker, and Christine Ellis attended the Aquatic Foreign and
Emerging Disease training on August 13-15 in Ames, IA. The
training provided participants with information and training

needed to conduct and lead a foreign animal disease
investigation when an aquatic animal pathogen is

suspected. CEAH personnel along with other experts
provided lectures on the first day of training and were

participants in the last two days of the event.

Geospatial Low Path AI risk model for the State of
Minnesota Data Governance and Information Quality

Worked with the State of Minnesota to develop and use a
Geospatial Low Path AI risk model for their Governance and

Information Quality

Emergency Response – Outbreak Zones Presentation

Dr. Oriana Beemer, SDA, gave a presentation to the NAHLN
Exercises and Drills Working Group titled Emergency
Response – Outbreak Zones and Sample Priority. The

webinar covered information on how outbreak zones are
developed, how surveillance sample numbers are

determined, and sample priorities for the field and for lab
testing.
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National Academy of Sciences, Engineering, and Medicine
Workshop

Kamina Johnson was invited to participate as a discussant
at a National Academy of Sciences, Engineering, and

Medicine Workshop for the National Agricultural Statistics
Service titled "Using Models to Estimate Hog Production."
The workshop was held in Washington DC on Wednesday

May 15, 2019.

Livestock Market

Kamina K. Johnson represented USDA-APHIS at the
Livestock Marketing Information Center Technical Advisory
Committee Annual Meeting on May 21 and 22 in Denver,
CO. Kamina gave an agency update report to participants
and participated in discussions that guide LMIC in decision

making related to running the center.

Antimicrobial Resistance workshop

CEAH staff attended the OIE Workshop on the Database on
Antimicrobial Agents Intended for Use in Animals in the

Americas in Montego Bay, Jamaica, on September 26-27,
2019. The workshop included a history of OIE antimicrobial
use data collection efforts and the importance of national-
level monitoring, country presentations from Costa Rica,
Brazil, and the Dominican Republic, and results from the

3rd OIE Annual Report on Antimicrobial Agents Intended for
Use in Animals. All of the country representatives

participated in an interactive workshop on mapping the
national antimicrobial supply chains, obtaining kilograms of
active ingredients, and obtaining animal biomass. The OIE
shared their vision for the future of data collection, as well
as information on the tripartite monitoring and evaluation

framework for the Global Action Plan on Antimicrobial
Resistance. This workshop provided opportunities to discuss
with countries in the Americas about their antimicrobial use
monitoring programs, the level of industry involvement in

their countries, and to develop new contacts at the OIE
working on antimicrobial use monitoring.

African Swine Fever

CEAH participated in an evaluation of the disease response
training needs and to develop an African Swine Fever

training program, in Vietnam, September 22-27, 2019. The
course imparted knowledge regarding the importance of

regionalization (using Avian Influenza as an example), the
economic impact of animal disease outbreaks, control

outbreaks through a coordinated system of planning, and
multi-jurisdictional cooperation. The goal of this capacity

building activity is to develop a transboundary animal
disease training program focused on ASF to address

training needs in Vietnam.

Wildlife

Title of activity Scope

Avian Influenza transmission model

CEAH staff hosted a meeting with collaborators from USGS,
University of Maryland and Colorado State University. The

meeting was the first in-person session to review data
inputs and modeling approaches for the Avian Influenza
Virus (AIV) Interface Model, a national geospatial model

showing relative risk of AIV transmission between wild and
domestic birds. Earlier cooperative agreements involved the

development of a national, improved "hybrid" model of
commercial poultry operations and wild bird abundance and
distribution models. Data demonstrations were provided to

give more insight and understanding of these modeling
parameters. The meeting also included extensive

discussions regarding best methodologies for the modeling.

Mycoplasma bovis in healthy North American bison
CEAH provided analytical support for an interagency

collaboration on a serological investigation of the thirty-year
history of exposure to Mycoplasma bovis in healthy North

American bison.

Migration among subpopulations
CEAH develops a method to estimate rates of feral swine

migration among subpopulations when those
subpopulations are closely related.
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APHIS National Feral Swine Program

CEAH participated in meetings reviewing the last 5-years of
analysis and research by the National Wildlife Research

Center (NWRC) to address feral swine issues in support of
the APHIS National Feral Swine Program. The meetings

covered the development of disease transmission models
between livestock and feral swine that CEAH has

participated in developing in addition to the development of
toxicants and other mitigation tools developed by NWRC.

Adaptive risk-based surveillance

CEAH develops adaptive risk-based surveillance for use in
wildlife. The risk models used are run annually to reallocate

surveillance priority based on changes in prevalence and
other risk factors. Surveillance is currently conducted for

classical swine fever, pseudorabies virus and swine
brucellosis using the adaptive risk-based approach.

Wild bird sampling
CEAH assisted in the development of a plan for sampling
wild birds to investigate their potential involvement in the

virulent Newcastle disease virus outbreak in California.

Avian diseases

Title of activity Scope

OIE Reports regarding vND and commercial properties
CEAH staff, in cooperation with other VS S&P units,

submitted an OIE reports for virulent Newcastle disease
virus (vNDV) in poultry.

Live Bird Market Working Group

CEAH Epidemiologist, Jennifer Siembieda attended a live
bird market working group meeting Feb. 21, 2019, in San

Diego, CA. She presented on dashboards created to display
avian influenza data collected from live bird marketing

system through cooperative agreements and EMRS.

CEAH staff provide Geospatial epidemiology analysis for
Minnesota LPAI

CEAH staff delivered an Avian Influenza Virus (AIV) risk
model for inclusion in Veterinary Services’ Minnesota (MN)
2018 LPAI Epidemiology report. CEAH analysts developed a

geospatial risk model to show relative risk of AIV
environmental persistence in Minnesota.

Virulent Newcastle Disease

CEAH employees developed epidemiologic and risk analysis
that contributed to the strategic direction of outbreak
operations in southern California. CEAH, working with
internal and external collaborators, also updated the

epidemiologic report for the situation and developed the
risk-based surveillance plan for declaring freedom that was

implemented this year.

AI Surveillance

CEAH presented on the avian influenza surveillance
program, specifically data collection, data analysis and

areas of improvement; Web GIS tools available; and various
data systems with the software that supports data entry

and analysis to a VS Surveillance Network Training Course.

Aquatic animal diseases

Title of activity Scope
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Emerging Mollusk Pathogen Workshop

Dr. Lori Gustafson participated in a working group on
emerging mollusc pathogens session in Copenhagen,

Denmark, June 6 and 7. She helped structure an elicitation
component asking participants to prioritize needs to

improve detection and response internationally. Recent
findings of OsHV-1 in the United States made this meeting
particularly timely, and the first day of the workshop was

devoted to discussion of past experience with this pathogen
in other countries. The working group was led by Ryan

Carnegie, Virginia Institute of Marine Science, funded by the
National Oceanic and Atmospheric Association, and

included participants from the United States, Australia, New
Zealand, France, Germany, Norway, as well as

representatives of the International Council for Exploration
of the Seas and the World Organization for Animal Health.

Commercial Aquaculture Health Program Standards

CEAH participated in site visits of two Atlantic salmon
hatcheries, one of which is participating in a proof-of-
concept trial of the Commercial Aquaculture Health

Program Standards (CAHPS). The purpose of the site visits
involved evaluation of possible pathways for disease
introduction and discussions of recommendations to

address periodic findings of infectious salmon anemia virus
HPR0 in the region.

OIE report for RSIV

CEAH staff, in collaboration with other VS units, submitted
an OIE immediate report for red sea bream iridoviral

disease (RSIV) in clownfish (Amphiprion ocellaris and A.
perideraion) and lionfish (Pterosis volitans) at an aquarium

in Missouri. These species are newly identified RSIV
susceptible species.

Tilapia Lake Virus

CEAH, in cooperation with other VS units, submitted an OIE
immediate report for tilapia lake virus (TiLV) in Idaho,

Wyoming, and Colorado. Surveillance and testing related to
this event are ongoing. This is the first detection of TiLV in

the United States.

As a member of the Tilapia lake virus (TiLV) Epi Support
Team, CEAH staff assisted VS Field Operations and the

Commodity Health Center staff in drafting strategic plans
and briefings. They also assisted in conducting

epidemiologic surveys, discussed biosecurity with facility
owners, helped train field personnel, and supported on-site

sampling of trace operations in Idaho, Colorado and
Wyoming. CEAH also assisted with developing surveillance

sampling strategies and led the on-site
recording/organization of sampling information during

sampling efforts on infected operations.

Shrimp

CEAH staff, in collaboration with other VS units, submitted
an OIE immediate report for infectious hypodermal and
haematopoietic necrosis virus (IHHNV). The virus was

detected in commercially farmed Pacific white leg shrimp
(Litopenaeus vanneamei) in Texas and Florida. Affected
animals were detected through routine sampling; there

were no clinical signs of disease present. It is unknown how
the virus was introduced onto the farms.
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APHIS Aquaculture Group collaborates with shareholders

Members of the USDA-APHIS Aquaculture Working Group,
including CEAH, collaborated with stakeholders in the

aquaculture industry to review a draft Rapid Risk
Assessment for Decapod Iridescent Virus (DIV1). This was

the first time that industry has been invited to contribute to
this review process, and the call was very successful. Our

industry stakeholders provided some valuable insights
unique to their perspectives regarding the knowledge gaps
and concerns regarding the risk of introduction of DIV1 into

U.S. shrimp, prawn, crab, and crayfish aquaculture.
Examples include the high degree of concern among our
stakeholders regarding the likelihood of DIV1 introduction

via imported frozen shrimp seafood; the detection of
infectious pathogens in 50% of imported shrimp tested at
one of the few shrimp quarantine facilities in the U.S.; and
detection of DIV1 in areas outside of China that currently
export shrimp to the U.S. This and future collaborations

such as this will ensure that the risk assessment products
developed for aquaculture fully address the concerns and

needs of the industry.

Other (Name the category)

Title of activity Scope

vND Mapping Support
CEAH provides vND (Newcastle) outbreak support, including
mapping. The team rapidly developed interactive maps and

synchronized them with pdf map files.

CWD mapping support

CEAH provides mapping support related to interspecies
transmission of chronic wasting disease. The maps show co-
locations of Chronic Wasting Disease (CWD) in free-ranging

cervids and the distributions of meadow voles (Microtus
pennsylvanicus) and raccoons (Procyon lotor).

LPAI mapping support
CEAH provides low pathogenic avian influenza outbreak
support with updates to trade reporting maps. The maps
were customized to reflect varying zone requirements for

trading partners.

FMD risk assessment mapping support

CEAH produced maps for a Peru FMD risk assessment. The
maps show official OIE FMD status by area including areas

FMD Free, FMD without vaccination, FMD free with
vaccination, FMD containment zones, and areas without an

FMD status. These maps were compiled for a variety of
countries and areas in South America and Central America.

Longhorned Tick cooperative agreement and mapping
support

CEAH staff entomologist, reviewed a work plan for a
cooperative agreement between Southeastern Cooperative

Wildlife Disease Study group (SCWDS), University of
Georgia and Veterinary Services via a request by VS

Ruminant Health staff. The work plan will include projects
related to cattle fever tick surveys on wildlife in Texas,

Asian longhorned tick survey in the eastern United States,
Culicoides surveys in the southeastern United States, and

orvivirus surveillance in wild ruminants in the United States.
Angela will contribute to ongoing Ruminant Health staff with
ongoing studies related to the Asian longhorned tick, cattle

fever tick, and Culicoides distribution analyses, disease
spread models, and habitat suitability models.

Interactive Tableau dashboard

CEAH developed an interactive Tableau dashboard that
tailors views with state-specific BSE surveillance data The
data feeding the dashboard are automatically processed

and updated on a weekly schedule, enabling field offices to
monitor, drill down into, and download their collection data
for any time period from the start of FY 2018 onward. This

increased data transparency is a critical step towards
improving data quality.
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ASF mapping support
CEAH provided mapping support to produce daily

visualization maps to communicate the presence and
location of African Swine Fever in the world.

Commercial poultry operations mapping support

CEAH in cooperation with Colorado State University, used
remote sensing and GIS methods to identify and map

commercial poultry operations in several south eastern
States. The study used image object extraction and spectral
signature techniques to provide superior identification and
mapping of poultry barns and premises. The model (maps)

of these poultry operations are valuable for both emergency
planning and response.

TB Mapping

CEAH provided map products for an undersecretary briefing
on the TB affected dairy complexes throughout New Mexico,
Texas, Colorado, Nebraska, and Kansas. Maps show types of
dairy operations and status of premises and will be updated

weekly for the Situation Report.

ToR : To propose or develop methods and procedures that facilitate harmonisation
of international standards and guidelines applicable to the designated specialty

2. Proposal or development of any procedure that will facilitate harmonisation of international
regulations applicable to the surveillance and control of animal diseases, food safety or animal
welfare

Proposal title Scope/Content Applicable area

Antimicrobial
Resistance Metrics

CEAH collaborated with the Canadian Integrated

Program for Antimicrobial Resistance Surveillance

(CIPARS), U.S. Food and Drug Administration, Public

Health Agency of Canada (PHAC) and a member of the

European Medicines Agency (EMA) in a bi-annual call to
share information and updates on work related to

antimicrobial use metrics.

Surveillance and
control of animal
diseases

Food safety
Animal welfare

Pew Charitable Trust

CEAH attended a panel on antibiotic stewardship hosted by
Pew Charitable Trusts. Animal and Plant Health Inspection
Service (APHIS) has been invited to participate to discuss
APHIS' surveillance and research activities related to AMR,
as well as future priorities. Attending this panel promotes

the work APHIS is doing to address antimicrobial
resistance. AMR is a growing threat in animal agriculture,
and participating in this panel will help show stakeholders

the actions being conducted by USDA to address it.

Surveillance and
control of animal
diseases

Food safety
Animal welfare
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Surveillance
requirements to

establish containment
zones during
incursions of

transboundary animal
diseases.

CEAH participated in Animal Health Quadrilateral

(QUADS – United States, Canada, Australia and New

Zealand) surveillance network discussions to consider
surveillance requirements to establish containment zones

during incursions of foot-and-mouth disease (FMD),
classical swine fever (CSF), avian influenza (AI), and

Newcastle disease (ND). QUADS has advocated for changes
to the World Organization for Animal Health Terrestrial

Animal Health Code to recognize that containment zones
can be implemented during outbreaks of notifiable

diseases.

Surveillance and
control of animal
diseases

Food safety
Animal welfare

Transatlantic Task
Force on

CEAH collaborated with the European Commission

(EC), Canadian Food Inspection Agency, U.S. Food and

Drug Administration, European Medicines Agency, and U.S.
Centre for Disease Control and Prevention on Antimicrobial

Stewardship.

Surveillance and
control of animal
diseases

Food safety
Animal welfare

Cost and Economic
Impact of African

Swine Fever Webinar

Kamina Johnson hosted a webinar that communicated the
results from epidemiologic and economic modeling work on

a hypothetical African swine fever outbreak in the United
States to agricultural economists at The University of Sao

Paulo in Brazil.

Results covered the epidemiological disease spread,
outbreak duration, on farm response costs, and economic
impacts of 3 scenarios at the median and 95th percentile.

Surveillance and
control of animal
diseases

Food safety
Animal welfare

ToR: To establish and maintain a network with other OIE Collaborating Centres
designated for the same specialty, and should the need arise, with Collaborating
Centres in other disciplines

ToR: To carry out and/or coordinate scientific and technical studies in collaboration
with other centres, laboratories or organisations

3. Did your Collaborating Centre maintain a network with other OIE Collaborating Centres (CC),
Reference Laboratories (RL), or organisations designated for the same specialty, to coordinate
scientific and technical studies?

Yes

Name of OIE
CC/RL/other

organisation(s)
Location

Region of
networking

Centre
Purpose

Canadian Food
Inspection Agency

(CFIA)
Canada

Africa
Americas
Asia and

Pacific
Europe
Middle East

CEAH collaborated with CFIA to revise a CDIA
document describing the need for ‘temporary

protection zones’
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Instituto
Zooprofilacttico

Sperimentale Venezie

(IZSVe) and the
Chinese Academy of

Inspection and
Quarantine (CAIQ)

China

Africa
Americas
Asia and

Pacific
Europe
Middle East

World Organization of Animal Health (OIE)
cooperation project "Capacity development for

implementing a GIS applied to surveillance,

control and zoning of avian influenza and other
emerging avian diseases in China" – to discuss
standards for using GIS in their countries and

reviewed a data product specification document
for zoning using GIS.

European Food Safety
Agency (EFSA) Europe

Africa
Americas
Asia and

Pacific
Europe
Middle East

CEAH staff served as Hearing Experts at the
request of the EFSA, in a review of a rapid risk
assessment for the presence of LPAI virus in

poultry meat. Hearing experts were asked to help
identify recent studies that indicated the presence
of LPAI virus in meat, and review various sections

of the draft assessment.

Canadian Veterinary

Surveillance
Epidemiology Network

Canada

Africa
Americas
Asia and

Pacific
Europe
Middle East

CEAH staff collaborated with CFIA on animal health
syndromic surveillance.

Canadian Food
Inspection Agency

(CFIA)
Canada

Africa
Americas
Asia and

Pacific
Europe
Middle East

CEAH staff collaborated with CFIA on the
challenges and applications for modeling foot and

mouth disease spread within the

InterSpread Plus epidemiologic model as well as
enhancing cross agency collaboration.

AVMA Committee on
Antimicrobials US

Africa
Americas
Asia and

Pacific
Europe
Middle East

A CEAH representative attended the bi-annual in-
person meeting of the American Veterinary
Medical Association (AVMA) Committee on
Antimicrobials (CoA) at the AVMA offices in
Schaumburg, IL. The CoA is comprised of

representatives of all veterinary practice groups.
USDA is an Advisory (non-voting) Member of the
CoA, as is FDA and CDC. At this meeting, the CoA

received updates from the affiliated practice
groups, continued development of the AMR threats

in animal pathogens report, discussed recent
state-level legislation, and developed the AVMA

strategy for addressing AMR.

4. Did your Collaborating Centre maintain a network with other OIE Collaborating Centres, Reference
laboratories, or organisations in other disciplines, to coordinate scientific and technical studies?

Yes

Name of OIE
CC/RL/other

organisation(s)
Location

Region of
networking

Centre
Purpose
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CEAH and OIE US

Africa
America

s
Asia and

Pacific
Europe
Middle

East

Center for Epidemiology and Animal Health (CEAH) collaborates with World Organization for
Animal Health (OIE). Release of the Tripartite (OIE, Food & Agriculture Organization of the

United Nations, World Health Organization) Zoonoses Guide. CEAH staff served as OIE technical
experts to co-lead a global team of experts in risk assessment to help develop the Tripartite

Zoonoses Guide, released in March, 2019. As part of a suite of operational tools to accompany
the guide, CEAH staff also co-led in the development and training of the related Joint Risk

Assessment Operational Toolkit currently being piloted by countries to respond to zoonotic
diseases. The Guide can be accessed at

http://www.oie.int/fileadmin/Home/eng/Media_Center/docs/EN_TripartiteZoonosesGuide_web.pdf

ToR: To place expert consultants at the disposal of the OIE.

5. Did your Collaborating Centre place expert consultants at the disposal of the OIE?

Yes

Name of
expert Kind of consultancy Subject

Dr. Lori
Gustafson

Aquaculture
subject matter

expert to the OIE
Aquatic Animal

Health Code ad hoc
group

Lori Gustafson participated in the ad hoc group meeting on

‘Susceptibility of Fish Species to Infection with OIE List Diseases.’

The purpose of this group is to review literature and recommend
updates to species listed as susceptible in pathogen-specific
chapters in the OIE Aquatic Animal Health Code. Resulting

recommendations go to the Aquatic Animal Standards Commission
for consideration and then to member countries for review, prior to

adoption.

Dr. Jennifer
Siembieda

Animal
epidemiology and

surveillance expert

Jennifer Siembieda participated in the OIE cooperation project

"Capacity development for implementing a GIS applied to
surveillance, control and zoning of avian influenza and other

emerging avian disease in China".

David South
Geographical
Information

Systems

The GeoVet conference is the only international, interdisciplinary,
conference specialized in spatial epidemiology, spatial statistics and
the application of Geographical Information Systems (GIS) to animal

health, public health and food safety.

On October 8th, 2019, David South attended and presented at the
2019 GeoVet conference. zoDavid delivered an oral presentation,
"Using geospatial methods to measure the risk of environmental
persistence of avian influenza in South Carolina", In addition, he

presented the poster,

"Modeling the Domestic Poultry Population in the United States: a
Novel Approach Leveraging Remote Sensing and Synthetic Data

Methods".

Dr. Chelsey
Shively Antimicrobial Use

Dr. Chelsey Shivley presented key results from the 2017 NAHMS
Antimicrobial Use & Stewardship Studies on the CDC Zoonoses and

One Health Updates (ZOHU) call.
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Dr. Amy
Delgado

African Swine Fever
Emergency
Response

Amy Delgado was selected as a subject matter expert (SME) to
participate in an evaluation of the disease response training needs

and to develop an African Swine Fever training program, in
Vietnam, September 22-27, 2019. The course imparted knowledge
regarding the importance of regionalization (using Avian Influenza
as an example), the economic impact of animal disease outbreaks,
control outbreaks through a coordinated system of planning, and
multi-jurisdictional cooperation. The goal of this capacity building

activity is to develop a transboundary animal disease training
program focused on ASF to address training needs in Vietnam.

Dr. Dana Cole
and Dr.

Gericke Cook
African Swine Fever

Pathways

This recently completed assessment analyzes the volume of imports
across various commodity types (live pigs, semen, products,

byproducts, and animal feed) and pathway type (legal vs illegal).
Each entry pathway is assessed qualitatively based on its relative

volume of import, inspection effort, detection efficiency, and
associated mitigations/regulatory actions to reduce disease

prevalence along the pathway. The illegal entry of pork products in
the air passenger baggage and foreign mail pathways are both high

risk pathways for entry.

Kamina
Johnson

Agricultural
Economics

Presented “Epidemiologic and Economic Simulation Analysis Link
Through an Outbreak Complexity Index” to the International Society

for Economics and Social Sciences of Animal Health and the
Agricultural and Applied Economics Association

ToR: To provide, within the designated specialty, scientific and technical training to
personnel from OIE Member Countries

6. Did your Collaborating Centre provide scientific and technical training, within the remit of the
mandate given by the OIE, to personnel from OIE Member Countries?

Yes
a) Technical visits:   0
b) Seminars:   3
c) Hands-on training courses:   0
d) Internships (>1 month):   1

Type of
technical
training
provided
(a, b, c or

d)

Content

Country of
origin of

the
expert(s)
provided

with
training

No. participants
from the

corresponding
country
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b

Kamina Johnson attended the 2019 International Society
for Economics and Social Sciences of Animal Health
(ISESSAH) and Agricultural and Applied Economics

Association (AAEA) Annual Meetings held in Atlanta,
Georgia July 20 through 23, 2019. Kamina participated as

a:

member of the Organizing and Scientific Committees for
ISESSAH,

presenter for an oral presentation titled "Epidemiologic
and Economic Consequences of African Swine Fever in

the United States,"

co-author to a poster titled "Strengthening the
Epidemiologic and Economic Simulation Analysis Link

Through An Outbreak Complexity Index,"

co-author work for an oral presentation on "Incorporating
Containment Zones into Emergency Response Options for

Highly Infectious Livestock Diseases,"

and moderator and panel discussant in a symposium
titled "Measuring the Global Burden of Animal Diseases."

US 140

b

On August 2-6, Dr. Chelsey Shivley attended the
American Veterinary Medical Association Convention

2019 in Washington, D.C. She presented on the results of
the 2017 NAHMS Antimicrobial Use Surveys, as well as

several panels for the American College of Animal
Welfare. The AVMA Convention is attended by

veterinarians from around the world, and provides
education and networking opportunities.

US 10000

b

ZOHU Webinar on the 2017 NAHMS Antimicrobial Use &
Stewardship Studies. On October 2, 2019, Dr. Chelsey
Shivley presented key results from the 2017 NAHMS
Antimicrobial Use & Stewardship Studies on the CDC

Zoonoses and One Health Updates (ZOHU) call.

US 352

d

CEAH hosted Undergraduate, Graduate, and Post-
Doctoral intern, extern, and volunteer students for the
purpose of training in the disciplines of epidemiology,

agricultural economics, agricultural communications, and
electronic data management.

US 17

ToR: To organise and participate in scientific meetings and other activities on
behalf of the OIE

7. Did your Collaborating Centre organise or participate in the organisation of scientific meetings on
behalf of the OIE?

Yes

National/International Title of event Co-organiser Date
(mm/yy) Location No.

Participants
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International OIE Ad Hoc Group
Meeting OIE 2019 Paris,

France 20

International

Capacity
development for

implementing a GIS
applied to

surveillance, control,
and zoning of avian
influenza and other

emerging avian
disease in China

WAHIS 2019 Bejing,
China 20

International Temporary
Inspection Zones

Canada Food
Inspection

Agency
2019 Canada 20

ToR: To collect, process, analyse, publish and disseminate data and information
relevant to the designated specialty

8. Publication and dissemination of any information within the remit of the mandate given by the OIE
that may be useful to Member Countries of the OIE

a) Articles published in peer-reviewed journals:   24
Author: Tabak, M. A., Norouzzadeh, M. S., Wolfson, D. W., Sweeney, S. J., Vercauteren, K. C., Snow, N. P., Halseth,
J. M., Di Salvo, P. A., Lewis, J. S., White, M. D., Teton, B., Beasley, J. C., Schlichting, P. E., Boughton, R. K., Wight,
B., Newkirk, E. S., Ivan, J. S., Odell, E. A., Brook, R. K., Lukacs, P. M., Moeller, A. K., Mandeville, E. G., Clune, J. and
Miller, R. S.
Year: 2019
Title: Machine learning to classify animal species in camera trap images: Applications in ecology
Journal: Methods in Ecology and Evolution
Volume: 10
Issue: 4
Pages: 585-590
DOI: 10.1111/2041-210X.13120
Abstract: Motion-activated cameras (“camera traps”) are increasingly used in ecological and management studies
for remotely observing wildlife and are amongst the most powerful tools for wildlife research. However, studies
involving camera traps result in millions of images that need to be analysed, typically by visually observing each
image, in order to extract data that can be used in ecological analyses. We trained machine learning models
using convolutional neural networks with the ResNet-18 architecture and 3,367,383 images to automatically
classify wildlife species from camera trap images obtained from five states across the United States. We tested
our model on an independent subset of images not seen during training from the United States and on an out-of-
sample (or “out-of-distribution” in the machine learning literature) dataset of ungulate images from Canada. We
also tested the ability of our model to distinguish empty images from those with animals in another out-of-sample
dataset from Tanzania, containing a faunal community that was novel to the model. The trained model classified
approximately 2,000 images per minute on a laptop computer with 16 gigabytes of RAM. The trained model
achieved 98% accuracy at identifying species in the United States, the highest accuracy of such a model to date.
Out-of-sample validation from Canada achieved 82% accuracy and correctly identified 94% of images containing
an animal in the dataset from Tanzania. We provide an r package (Machine Learning for Wildlife Image
Classification) that allows the users to (a) use the trained model presented here and (b) train their own model
using classified images of wildlife from their studies. The use of machine learning to rapidly and accurately
classify wildlife in camera trap images can facilitate non-invasive sampling designs in ecological studies by
reducing the burden of manually analysing images. Our r package makes these methods accessible to ecologists.
© 2018 The Authors. Methods in Ecology and

Author: Franklin, A. B., Bevins, S. N., Ellis, J. W., Miller, R. S., Shriner, S., Root, J. J., Walsh, D. P. and Deliberto, T. J.
Year: 2019
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Title: Predicting the initial spread of novel Asian origin influenza A viruses in the continental USA by wild
waterfowl
Journal: Transboundary and Emerging Diseases
Volume: 66
Issue: 2
Pages: 705-714
DOI: 10.1111/tbed.13070
Abstract: Using data on waterfowl band recoveries, we identified spatially explicit hotspots of concentrated
waterfowl movement to predict occurrence and spatial spread of a novel influenza A virus (clade 2.3.4.4)
introduced from Asia by waterfowl from an initial outbreak in North America in November 2014. In response to
the outbreak, the hotspots of waterfowl movement were used to help guide sampling for clade 2.3.4.4 viruses in
waterfowl as an early warning for the US poultry industry during the outbreak. After surveillance sampling of
waterfowl, we tested whether there was greater detection of clade 2.3.4.4 viruses inside hotspots. We found that
hotspots defined using kernel density estimates of waterfowl band recoveries worked well in predicting areas with
higher prevalence of the viruses in waterfowl. This approach exemplifies the value of ecological knowledge in
predicting risk to agricultural security. Published 2018. This article is a U.S. Government work and is in the public
domain in the USA.

Author: Burkom, H., Estberg, L., Akkina, J., Elbert, Y., Zepeda, C. and Baszler, T.
Year: 2019
Title: Equine syndromic surveillance in Colorado using veterinary laboratory testing order data
Journal: PLoS ONE
Volume: 14
Issue: 3
DOI: 10.1371/journal.pone.0211335
Abstract: Introduction The Risk Identification Unit (RIU) of the US Dept. of Agriculture’s Center for Epidemiology
and Animal Health (CEAH) conducts weekly surveillance of national livestock health data and routine coordination
with agricultural stakeholders. As part of an initiative to increase the number of species, health issues, and data
sources monitored, CEAH epidemiologists are building a surveillance system based on weekly syndromic counts
of laboratory test orders in consultation with Colorado State University laboratorians and statistical analysts from
the Johns Hopkins University Applied Physics Laboratory. Initial efforts focused on 12 years of equine test records
from three state labs. Trial syndrome groups were formed based on RIU experience and published literature.
Exploratory analysis, stakeholder input, and laboratory workflow details were needed to modify these groups and
filter the corresponding data to eliminate alerting bias. Customized statistical detection methods were sought for
effective monitoring based on specialized laboratory information characteristics and on the likely presentation
and animal health significance of diseases associated with each syndrome. Methods Data transformation and
syndrome formation focused on test battery type, test name, submitter source organization, and specimen type.
We analyzed time series of weekly counts of tests included in candidate syndrome groups and conducted an
iterative process of data analysis and veterinary consultation for syndrome refinement and record filters. This
process produced a rule set in which records were directly classified into syndromes using only test name when
possible, and otherwise, the specimen type or related body system was used with test name to determine the
syndrome. Test orders associated with government regulatory programs, veterinary teaching hospital testing
protocols, or research projects, rather than clinical concerns, were excluded. We constructed a testbed for sets of
1000 statistical trials and applied a stochastic injection process assuming lognormally distributed incubation
periods to choose an alerting algorithm with the syndrome-required sensitivity and an alert rate within the
specified acceptable range for each resulting syndrome. Alerting performance of the EARS C3 algorithm
traditionally used by CEAH was compared to modified C2, CuSUM, and EWMA methods, with and without outlier
removal and adjustments for the total weekly number of non-mandatory tests. Results The equine syndrome
groups adopted for monitoring were abortion/reproductive, diarrhea/ GI, necropsy, neurological, respiratory,
systemic fungal, and tickborne. Data scales, seasonality, and variance differed widely among the weekly time
series. Removal of mandatory and regulatory tests reduced weekly observed counts significantly—by >80% for
diarrhea/ GI syndrome. The RIU group studied outcomes associated with each syndrome and called for detection
of single-week signals for most syndromes with expected false-alert intervals >8 and <52 weeks, 8-week signals
for neurological and tickborne monitoring (requiring enhanced sensitivity), 6-week signals for respiratory, and 4-
week signals for systemic fungal. From the test-bed trials, recommended methods, settings and thresholds were
derived. Conclusions Understanding of laboratory submission sources, laboratory workflow, and of syndrome-
related outcomes are crucial to form syndrome groups for routine monitoring without artifactual alerting. Choices
of methods, parameters, and thresholds varied by syndrome and depended strongly on veterinary
epidemiologist-specified performance requirements. This is an open access article, free of all copyright, and may
be freely reproduced, distributed, transmitted, modified, built upon, or otherwise used by anyone for any lawful
purpose. The work is made available under the Creative Commons CC0 public domain dedication.
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Author: Shivley, C. B., Lombard, J. E., Urie, N. J., Weary, D. M. and von Keyserlingk, M. A. G.
Year: 2019
Title: Management of preweaned bull calves on dairy operations in the United States
Journal: Journal of Dairy Science
Volume: 102
Issue: 5
Pages: 4489-4497
DOI: 10.3168/jds.2018-15100
Abstract: Many calves born on dairy farms are male, but little research to date has focused on the management
of these calves. The objective of this study was to survey management practices of preweaned dairy bull calves
and compare these practices with those used for heifer calves on the same operations. This study was conducted
as part of the USDA National Animal Health Monitoring System Dairy 2014 study and included a sample of 42
operations from 10 states. On average, 2.4% of bull calves died before leaving the operation, with most
operations selling bull calves before weaning (97.6%). Bull calves left the operation at an average age of 7.6 d
(median = 4 d). Producers reported that 96.3% of bull calves received colostrum. Of bulls that were fed
colostrum, the vast majority (95.4%) were hand-fed; the remaining calves received colostrum via a combination
of hand-feeding and suckling (3.1%) or by suckling only (1.5%). In contrast, all heifer calves on those operations
were only hand-fed colostrum. On average, bull calves received 3.1 L of colostrum at their first feeding at 4.3 h
after birth compared with 2.9 L at 2.9 h after birth for heifer calves. In the first 24 h, bull and heifer calves
received 4.8 and 5.5 L of colostrum, respectively. Only 21.4% of operations dehorned bull calves; in comparison,
heifer calves were dehorned on 90.5% of operations. Few operations used analgesics or anesthetics when
dehorning bull calves, whereas 28.9% of operations used anesthetics or analgesics when dehorning heifer calves.
Overall, 27.8% of operations castrated bull calves. Of the operations that did castrate bulls, 70.0% used a band at
an average age of 6.3 wk; the remaining 30% of operations used a knife at 14.7 wk of age on average. Few
operations used analgesics or anesthetics when castrating. These results illustrate differences in the care of bull
and heifer calves and suggest the need to improve education regarding recommended colostrum feeding and
pain management practices in all calves regardless of sex. © 2019 American Dairy Science Association

Author: Lombard, J. E., Garry, F. B., Urie, N. J., McGuirk, S. M., Godden, S. M., Sterner, K., Earleywine, T. J.,
Catherman, D. and Maas, J.
Year: 2019
Title: Proposed dairy calf birth certificate data and death loss categorization scheme
Journal: Journal of Dairy Science
Volume: 102
Issue: 5
Pages: 4704-4712
DOI: 10.3168/jds.2018-15728
Abstract: The majority of dairy heifer calves in the United States are destined to be dairy replacements. However,
many dairy heifer and bull calves die before 6 mo of age. Of these calves, about 6% (more than 500,000 calves)
die at birth or shortly after (i.e., currently termed “stillbirth”). An additional 6% of dairy heifers die during the
preweaning period. Death loss in dairy calves is primarily due to stillbirths, failure to adapt to extrauterine life,
and infectious disease processes. The reasons for preweaning heifer calf deaths caused by infectious diseases are
generally categorized based on easily recognizable clinical signs such as digestive disease/scours or respiratory
disease. Most causes of calf death can be mitigated by appropriate preventive care or well-tailored treatments,
meaning that the typical death loss percentage could be decreased with better management. Producers could
gather information on the circumstances near birth and at death if they had appropriate guidance on what details
to record and monitor. This paper provides recommendations on data to collect at the time of birth (i.e., calf birth
certificate data). The recording of these critical pieces of information is valuable in evaluating trends over time in
morbidity and mortality events in dairy calves. Ideally, necropsy examination would substantially improve the
identification of cause of death, but even without necropsy, attribution of cause of death can be improved by
more carefully defining death loss categories in on-farm record systems. We propose a death loss categorization
scheme that more clearly delineates causes of death. Recommendations are provided for additional data to be
collected at the time of death. Recording and analyzing birth certificate and death loss data will allow producers
and veterinarians to better evaluate associations between calf risk factors and death, with the goal of reducing
dairy calf mortality. © 2019 American Dairy Science Association

Author: Gorsich, E. E., Miller, R. S., Mask, H. M., Hallman, C., Portacci, K. and Webb, C. T.
Year: 2019
Title: Spatio-temporal patterns and characteristics of swine shipments in the U.S. based on Interstate Certificates
of Veterinary Inspection
Journal: Scientific Reports
Volume: 9
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Issue: 1
Pages: 3915
ISSN: 2045-2322
DOI: 10.1038/s41598-019-40556-z
Abstract: Domestic swine production in the United States is a critical economic and food security industry, yet
there is currently no large-scale quantitative assessment of swine shipments available to support risk
assessments. In this study, we provide a national-level characterization of the swine industry by quantifying the
demographic (i.e. age, sex) patterns, spatio-temporal patterns, and the production diversity within swine
shipments. We characterize annual networks of swine shipments using a 30% stratified sample of Interstate
Certificates of Veterinary Inspection (ICVI), which are required for the interstate movement of agricultural
animals. We used ICVIs in 2010 and 2011 from eight states that represent 36% of swine operations and 63% of
the U.S. swine industry. Our analyses reflect an integrated and spatially structured industry with high levels of
spatial heterogeneity. Most shipments carried young swine for feeding or breeding purposes and carried a
median of 330 head (range: 1–6,500). Geographically, most shipments went to and were shipped from Iowa,
Minnesota, and Nebraska. This work, therefore, suggests that although the swine industry is variable in terms of
its size and type of swine, counties in states historically known for breeding and feeding operations are
consistently more central to the shipment network. © 2019, The Author(s).

Author: Garber, L., Malladi, S., Gustafson, L., Jones, R., Tsao, K. and Schoenbaum, M.
Year: 2019
Title: Mortality and egg production patterns in the United States Prior to HP/LPAI H7N9 detection
Journal: Avian Diseases
Volume: 63
Issue: 1
Pages: 246-250
DOI: 10.1637/11838-041118-ResNote.1
Abstract: In March 2017, two commercial broiler breeder operations were confirmed with H7N9 highly pathogenic
avian influenza (HPAI), and an additional six commercial broiler breeder operations were found positive with an
H7N9 low pathogenicity avian influenza virus (LPAIV) or an H7 LPAIV (N type not identified). To better understand
conditions leading up to testing positive for AI, egg production and mortality data for the 6 mo before the
outbreak were obtained from five case farms (two HPAIV-infected farms and three LPAIV-infected farms) and two
control farms. Both HPAI farms experienced a sudden spike in mortality immediately before testing positive. Two
LPAI farms experienced drops in egg production along with slight increases in mortality that occurred after a
negative serologic test and before a positive PCR test. The third LPAI farm also had a notable drop in egg
production with a coinciding increase in mortality before testing positive for AIV (last negative test date not
available). Additionally, both HPAI farms and two LPAI farms reported mild respiratory illnesses in the weeks prior
to testing positive for AI. Control farms did not experience similar drops in production or increase in mortality.
Clinical signs on LPAI farms were mild and easily confused with background health patterns, suggesting the need
for improved sensitivity to identify LPAI quickly. Applying a trigger of a 2% drop in egg production along with a
mortality of 8 per 10 000 hens in individual barns showed that all case farms would be identified and uninfected
farms would be falsely triggered on 1% of days monitored. © 2018 American Association of Avian Pathologists.All
Rights Reserved.

Author: Bonney, P. J., Malladi, S., Ssematimba, A., Weaver, J. T., Culhane, M. R., Goldsmith, T. J., Halvorson, D. A.
and Cardona, C. J.
Year: 2019
Title: Evaluating the effect of the within-flock disease transmission rate on premovement active surveillance in
low pathogenicity avian influenza-infected flocks
Journal: Avian Diseases
Volume: 63
Issue: 1
Pages: 238-245
DOI: 10.1637/11889-042718-ResNote.1
Abstract: Premovement active surveillance for low pathogenicity avian influenza (LPAI) may be a useful risk
management tool for producers during high-risk periods, such as during an LPAI outbreak, or in areas where there
is a recognized high risk for LPAI spread. The effectiveness of three active-surveillance protocols in mitigating
LPAI spread risk related to the movement of spent broiler breeders to processing was evaluated in this study.
Each protocol differed in the amount of real-time reverse transcription polymerase chain reaction (RRT-PCR) and
serology testing conducted. The protocols were evaluated with the use of disease transmission and active
surveillance simulation models parametrized specifically for broiler breeders to estimate the probability of
detecting a current or past infection and the mean proportion of infectious birds at the time of sampling in houses
where the infection remains undetected at the time of movement after exposure to the virus. The two values
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were estimated considering flock infection for 1-28 days prior to the day of scheduled movement. A distribution
for the adequate contact rate, a parameter that controls the rate of within-house spread in the disease
transmission model, was estimated for this study by a novel forward simulation approach with the use of serology
data from three LPAI-infected broiler breeder flocks in the United States. The estimated distribution suggests that
the lower contact-rate estimates from previously published studies were not a good fit for the serology results
observed in these U.S. flocks, though considerable uncertainty remains in the parameter estimate. The results for
the probability of detection and mean proportion of infectious, undetected birds suggest that RRT-PCR testing is
most beneficial during the early stages of infection postexposure, and serology testing is most beneficial during
the later stages of infection, results that are expected to hold for flocks outside the United States as well. Thus,
protocols that combine RRT-PCR and serology testing can offer a more balanced approach with good performance
over the disease course in a flock. © 2018 American Association of Avian Pathologists.All Rights Reserved.

Author: Anderson, A., Slootmaker, C., Harper, E., Miller, R. S. and Shwiff, S. A.
Year: 2019
Title: Predation and disease-related economic impacts of wild pigs on livestock producers in 13 states
Journal: Crop Protection
Volume: 121
Pages: 121-126
DOI: 10.1016/j.cropro.2019.03.007
Abstract: We report the results of a survey on wild pigs (Sus scrofa) damage to livestock producers in 13 US
states (Alabama, Arkansas, California, Florida, Georgia, Louisiana, Mississippi, Missouri, North Carolina, Oklahoma,
South Carolina, Tennessee, Texas). The survey was distributed by the USDA National Agricultural Statistical
Service in the summer of 2017 to a sample of livestock producers in the 13-state region. Findings indicate that
predation and disease-related damage can be substantial in certain states and for certain types of livestock. In
particular, damage to cattle operations in Texas and Arkansas was substantially higher than damage in other
states and types of livestock operations. When extrapolated to livestock producers across the entire 13-state
region, we estimated that damages sum to an annual cost of about $40 million. We hope findings from this
survey will help guide control efforts and research, as well as serve as a benchmark against which the
effectiveness of future control efforts can be measured. © 2019

Author: Manlove, K., Branan, M., Baker, K., Bradway, D., Cassirer, E. F., Marshall, K. L., Miller, R. S., Sweeney, S.,
Cross, P. C. and Besser, T. E.
Year: 2019
Title: Risk factors and productivity losses associated with Mycoplasma ovipneumoniae infection in United States
domestic sheep operations
Journal: Preventive Veterinary Medicine
Volume: 168
Pages: 30-38
ISSN: 0167-5877
DOI: 10.1016/j.prevetmed.2019.04.006
Abstract: Association of Mycoplasma ovipneumoniae with pneumonia in domestic small ruminants has been
described in Europe, Asia, and New Zealand but has received less attention in the United States. In 2011, the US
Department of Agriculture's National Animal Health Monitoring System detected M. ovipneumoniae shedding in
88% of 453 domestic sheep operations tested in 22 states that accounted for 85.5% of US ewe inventory in 2001.
We evaluated factors associated with M. ovipneumoniae infection presence and prevalence, and we compared
health, lamb production, and ewe losses in infected and uninfected operations. M. ovipneumoniae detection was
more common in larger operations than in smaller operations. Both likelihood of detection (at the operation level)
and within-operation prevalence were higher in operations with more open management practices than in
operations with more closed management practices. M. ovipneumoniae-positive operations showed significantly
lower lambing rates and lower rates of lamb survival to weaning after accounting for differences in operation size
and management practice. While its effect on any single rate was not particularly large, in aggregate we
estimated that M. ovipneumoniae presence was associated with an approximately 4.3% reduction in annual lamb
production. © 2019 Elsevier B.V.

Author: Lewis, J. S., Corn, J. L., Mayer, J. J., Jordan, T. R., Farnsworth, M. L., Burdett, C. L., VerCauteren, K. C.,
Sweeney, S. J. and Miller, R. S.
Year: 2019
Title: Historical, current, and potential population size estimates of invasive wild pigs (Sus scrofa) in the United
States
Journal: Biological Invasions
Volume: 21
Issue: 7



Animal Disease Surveillance Systems, Risk Analysis and Epidemiological Modelling - Centers for Epidemiology and Animal
Heal

20 OIE Collaborating Centres Reports Activities, 2019

Pages: 2373-2384
DOI: 10.1007/s10530-019-01983-1
Abstract: To control invasive species and prioritize limited resources, managers need information about
population size to evaluate the current state of the problem, the trend in population growth through time, and to
understand the potential magnitude of the problem in the absence of management actions. This information is
critical for informing management actions and allocating resources. We used two national-scale data sets to
estimate historical, current, and future potential population size of invasive wild pigs (Sus scrofa; hereafter wild
pigs) in the United States. Between 1982 to present, the Southeastern Cooperative Wildlife Disease Study
mapped the distribution of wild pigs in the United States. In addition, recent research has predicted potential
population density of wild pigs across the United States by evaluating broad-scale landscape characteristics. We
intersected these two data sets to estimate the population size of wild pigs in 1982, 1988, 2004, 2010, 2013, and
2016. In addition, we estimated potential population size if wild pigs were present at equilibrium conditions in all
available habitat in each state. We demonstrate which states have experienced recent population growth of wild
pigs and are predicted to experience the greatest population increase in the future without sufficient
management actions and policy implementation. Regions in the western, northern, and northeastern United
States contain no or few wild pig populations, but could potentially support large numbers of these animals if
their populations become established. This information is useful in identifying regions at greatest risk if wild pigs
become established, which can assist in prioritizing management actions aimed at controlling or eliminating this
invasive species across broad to local scales. © 2019, Springer Nature Switzerland AG.

Author: Thompson, J. M., Pendell, D. L., Boyer, T., Patyk, K. A., Malladi, S. and Weaver, J. T.
Year: 2019
Title: Economic Impacts of Business Continuity on an Outbreak of Highly Pathogenic Avian Influenza in Minnesota
Egg Laying Operations
Journal: Journal of Agricultural and Applied Economics
Volume: 51
Issue: 2
Pages: 235-248
ISSN: 1074-0708
DOI: 10.1017/aae.2018.37
Abstract: Animal disease outbreaks can cause disruptions in domestic and international markets. Business
continuity aims to provide a proactive approach to alleviate some of these negative effects on consumers,
producers, and agribusinesses. Using a partial equilibrium model of the U.S. egg industry, the economic impacts
of business continuity during an epidemiological simulated disease event are modeled. Results show total welfare
losses can be reduced by allowing permitted movement during an outbreak given a specified level of biosecurity.
Understanding the potential market responses business continuity can have on the market may lead to
reductions in the negative implications of a disease event. © The Author(s) 2019.

Author: Ssematimba, A., Malladi, S., Hagenaars, T. J., Bonney, P. J., Weaver, J. T., Patyk, K. A., Spackman, E.,
Halvorson, D. A. and Cardona, C. J.
Year: 2019
Title: Estimating within-flock transmission rate parameter for H5N2 highly pathogenic avian influenza virus in
Minnesota Turkey flocks during the 2015 epizootic
Journal: Epidemiology and Infection
Volume: 147
Pages: 1-8
DOI: 10.1017/S0950268819000633
Abstract: Better control of highly pathogenic avian influenza (HPAI) outbreaks requires deeper understanding of
within-flock virus transmission dynamics. For such fatal diseases, daily mortality provides a proxy for disease
incidence. We used the daily mortality data collected during the 2015 H5N2 HPAI outbreak in Minnesota turkey
flocks to estimate the within-flock transmission rate parameter (β). The number of birds in Susceptible, Exposed,
Infectious and Recovered compartments was inferred from the data and used in a generalised linear mixed model
(GLMM) to estimate the parameters. Novel here was the correction of these data for normal mortality before use
in the fitting process. We also used mortality threshold to determine HPAI-like mortality to improve the accuracy
of estimates from the back-calculation approach. The estimated β was 3.2 (95% confidence interval (CI) 2.3–4.3)
per day with a basic reproduction number of 12.8 (95% CI 9.2–17.2). Although flock-level estimates varied, the
overall estimate was comparable to those from other studies. Sensitivity analyses demonstrated that the
estimated β was highly sensitive to the bird-level latent period, emphasizing the need for its precise estimation.
In all, for fatal poultry diseases, the back-calculation approach provides a computationally efficient means to
obtain reasonable transmission parameter estimates from mortality data. © The Author(s) 2019.

Author: Miller, R. S. and Pepin, K. M.
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Year: 2019
Title: Board invited review: Prospects for improving management of animal disease introductions using disease-
dynamic models
Journal: Journal of Animal Science
Volume: 97
Issue: 6
Pages: 2291-2307
ISSN: 0021-8812
DOI: 10.1093/jas/skz125
Abstract: Management and policy decisions are continually made to mitigate disease introductions in animal
populations despite often limited surveillance data or knowledge of disease transmission processes. Science-
based management is broadly recognized as leading to more effective decisions yet application of models to
actively guide disease surveillance and mitigate risks remains limited. Disease-dynamic models are an efficient
method of providing information for management decisions because of their ability to integrate and evaluate
multiple, complex processes simultaneously while accounting for uncertainty common in animal diseases. Here
we review disease introduction pathways and transmission processes crucial for informing disease management
and models at the interface of domestic animals and wildlife. We describe how disease transmission models can
improve disease management and present a conceptual framework for integrating disease models into the
decision process using adaptive management principles. We apply our framework to a case study of African swine
fever virus in wild and domestic swine to demonstrate how disease-dynamic models can improve mitigation of
introduction risk. We also identify opportunities to improve the application of disease models to support decision-
making to manage disease at the interface of domestic and wild animals. First, scientists must focus on objective-
driven models providing practical predictions that are useful to those managing disease. In order for practical
model predictions to be incorporated into disease management a recognition that modeling is a means to
improve management and outcomes is important. This will be most successful when done in a cross-disciplinary
environment that includes scientists and decision-makers representing wildlife and domestic animal health.
Lastly, including economic principles of value-of-information and cost-benefit analysis in disease-dynamic models
can facilitate more efficient management decisions and improve communication of model forecasts. Integration
of disease-dynamic models into management and decision-making processes is expected to improve surveillance
systems, risk mitigations, outbreak preparedness, and outbreak response activities. Published by Oxford
University Press on behalf of the American Society of Animal Science 2019.

Author: Beemer, O., Remmenga, M., Gustafson, L., Johnson, K., Hsi, D. and Antognoli, M. C.
Year: 2019
Title: Assessing the value of PCR assays in oral fluid samples for detecting African swine fever, classical swine
fever, and foot-and-mouth disease in U.S. Swine
Journal: PLoS ONE
Volume: 14
Issue: 7
DOI: 10.1371/journal.pone.0219532
Abstract: Introduction Oral fluid sampling and testing offers a convenient, unobtrusive mechanism for evaluating
the health status of swine, especially grower and finisher swine. This assessment evaluates the potential testing
of oral fluid samples with real-time reverse-transcriptase polymerase chain reaction (rRT-PCR) to detect African
swine fever, classical swine fever, or foot-and-mouth disease for surveillance during a disease outbreak and early
detection in a disease-free setting. Methods We used a series of logical arguments, informed assumptions, and a
range of parameter values from literature and industry practices to examine the cost and value of information
provided by oral fluid sampling and rRT-PCR testing for the swine foreign animal disease surveillance objectives
outlined above. Results Based on the evaluation, oral fluid testing demonstrated value for both settings
evaluated. The greatest value was in an outbreak scenario, where using oral fluids would minimize disruption of
animal and farm activities, reduce sample sizes by 23%-40%, and decrease resource requirements relative to
current individual animal sampling plans. For an early detection system, sampling every 3 days met the designed
prevalence detection threshold with 0.95 probability, but was quite costly. Limitations Implementation of oral fluid
testing for African swine fever, classical swine fever, or foot- and-mouth disease surveillance is not yet possible
due to several limitations and information gaps. The gaps include validation of PCR diagnostic protocols and kits
for African swine fever, classical swine fever, or foot-and-mouth disease on swine oral fluid samples; minimal
information on test performance in a field setting; detection windows with low virulence strains of some foreign
animal disease viruses; and the need for confirmatory testing protocol development. This is an open access
article, free of all copyright, and may be freely reproduced, distributed, transmitted, modified, built upon, or
otherwise used by anyone for any lawful purpose. The work is made available under the Creative Commons CC0
public domain dedication.

Author: Duncan, C., Patyk, K., Wild, M. A., Shury, T., Leong, K. M. and Stephen, C.



Animal Disease Surveillance Systems, Risk Analysis and Epidemiological Modelling - Centers for Epidemiology and Animal
Heal

22 OIE Collaborating Centres Reports Activities, 2019

Year: 2019
Title: Perspectives on wildlife health in national parks: concurrence with recent definitions of health
Journal: Human Dimensions of Wildlife
Volume: 24
Issue: 6
Pages: 579-587
DOI: 10.1080/10871209.2019.1650402
Abstract: A Delphi exercise involving 17 senior national parks’ biologists in the United States of America and
Canada examined how evolving concepts of wildlife health resonated with Parks’ needs. Participants examined
wildlife health as a multi-factorial cumulative effect that provides capacity to cope with a changing world. They
agreed that this concept of health was consistent with Parks’ goals and provided insight on various aspects of
wildlife health in national parks. Social and environmental determinants of health were perceived to be greater
threats to wildlife health than etiological hazards such as pathogens, the more typical focus of wildlife health
efforts. While social and anthropogenic factors are primary drivers of these threats, participants did not explicitly
rank social variables as the more important drivers of wildlife health nor did the majority view health as a social
construct. The results clearly show support for moving toward a contemporary approach of wildlife health
management, as opposed to disease management, and for the need of collective, team-based approaches to
protecting the suite of determinants of health. © 2019, © 2019 Taylor & Francis Group, LLC.

Author: Manlove, K. R., Sampson, L. M., Borremans, B., Cassirer, E. F., Miller, R. S., Pepin, K. M., Besser, T. E. and
Cross, P. C.
Year: 2019
Title: Epidemic growth rates and host movement patterns shape management performance for pathogen spillover
at the wildlife-livestock interface
Journal: Philosophical Transactions of the Royal Society B: Biological Sciences
Volume: 374
Issue: 1782
DOI: 10.1098/rstb.2018.0343
Abstract: Managing pathogen spillover at the wildlife-livestock interface is a key step towards improving global
animal health, food security and wildlife conservation. However, predicting the effectiveness of management
actions across host-pathogen systems with different life histories is an on-going challenge since data on
intervention effectiveness are expensive to collect and results are system-specific.We developed a simulation
model to explore how the efficacies of different management strategies vary according to host movement
patterns and epidemic growth rates. The model suggested that fast-growing, fast-moving epidemics like avian
influenza were best-managed with actions like biosecurity or containment, which limited and localized overall
spillover risk. For fast-growing, slower-moving diseases like foot-and-mouth disease, depopulation or prophylactic
vaccination were competitive management options. Many actions performed competitively when epidemics grew
slowly and host movements were limited, and how management efficacy related to epidemic growth rate or host
movement propensity depended on what objectivewas used to evaluatemanagement performance. This
framework offers one means of classifying and prioritizing responses to novel pathogen spillover threats, and
evaluating current management actions for pathogens emerging at the wildlife-livestock interface. This article is
part of the theme issue 'Dynamic and integrative approaches to understanding pathogen spillover'. © 2019 The
Author(s) Published by the Royal Society. All rights reserved.

Author: Tabak, M. A., Pedersen, K. and Miller, R. S.
Year: 2019
Title: Detection error influences both temporal seroprevalence predictions and risk factors associations in wildlife
disease models
Journal: Ecology and Evolution
Volume: 9
Issue: 18
Pages: 10404-10414
ISSN: 2045-7758
DOI: 10.1002/ece3.5558
Abstract: Understanding the prevalence of pathogens in invasive species is essential to guide efforts to prevent
transmission to agricultural animals, wildlife, and humans. Pathogen prevalence can be difficult to estimate for
wild species due to imperfect sampling and testing (pathogens may not be detected in infected individuals and
erroneously detected in individuals that are not infected). The invasive wild pig (Sus scrofa, also referred to as
wild boar and feral swine) is one of the most widespread hosts of domestic animal and human pathogens in North
America. We developed hierarchical Bayesian models that account for imperfect detection to estimate the
seroprevalence of five pathogens (porcine reproductive and respiratory syndrome virus, pseudorabies virus,
Influenza A virus in swine, Hepatitis E virus, and Brucella spp.) in wild pigs in the United States using a dataset of
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over 50,000 samples across nine years. To assess the effect of incorporating detection error in models, we also
evaluated models that ignored detection error. Both sets of models included effects of demographic parameters
on seroprevalence. We compared our predictions of seroprevalence to 40 published studies, only one of which
accounted for imperfect detection. We found a range of seroprevalence among the pathogens with a high
seroprevalence of pseudorabies virus, indicating significant risk to livestock and wildlife. Demographics had
mostly weak effects, indicating that other variables may have greater effects in predicting seroprevalence.
Models that ignored detection error led to different predictions of seroprevalence as well as different inferences
on the effects of demographic parameters. Our results highlight the importance of incorporating detection error in
models of seroprevalence and demonstrate that ignoring such error may lead to erroneous conclusions about the
risk associated with pathogen transmission. When using opportunistic sampling data to model seroprevalence
and evaluate risk factors, detection error should be included. © 2019 The Authors. Ecology and Evolution
published by John Wiley & Sons Ltd.

Author: Urie, N. J., Highland, M. A., Knowles, D. P., Branan, M. A., Herndon, D. R. and Marshall, K. L.
Year: 2019
Title: Mycoplasma ovis infection in domestic sheep (Ovis aries) in the United States: Prevalence, distribution,
associated risk factors, and associated outcomes
Journal: Preventive Veterinary Medicine
Volume: 171
ISSN: 0167-5877
DOI: 10.1016/j.prevetmed.2019.104750
Abstract: Mycoplasma ovis is a hemotropic bacterium reported to infect sheep, goats, and deer species. Infection
in these species can result in anemia, jaundice, and ill-thrift. Although of worldwide distribution, only rare reports
of this bacterium in the United States exist. The objectives of this retrospective study were to identify the
prevalence and distribution of M. ovis, and identify associated demographic and management risk factors, and
reproductive and production outcomes associated with infection on domestic sheep (Ovis aries) operations in the
United States. As part of the United States Department of Agriculture (USDA), Animal Plant Health Inspection
Service, Veterinary Services’ National Animal Health Monitoring System (NAHMS) Sheep 2001 and 2011 studies,
blood was collected and sera banked from 21,369 ewes in 2001 and 13,128 ewes in 2011. Participating premises
were located in 22 states across the United States for each sample year. In 2015 the USDA, Agricultural Research
Service, Animal Disease Research Unit received aliquots of these sera, and DNA was extracted and analyzed by
PCR for the presence of M. ovis genomic DNA. Flock presence and mean within-flock prevalence of M. ovis were
73.3% and 23.2%, respectively. Model selection using Mallow's Cp Criterion was used to determine which
variables significantly affected flock presence and within-flock prevalence. The final flock presence model
included flock size, year of blood collection, region, and vaccine administration. The final within-flock prevalence
model included year of blood collection, interaction between flock size and region, and interaction between
reported abortions and grazing with sheep from other operations. Medium and large operations had a higher flock
presence and within-flock prevalence. Flock presence was higher in operations that administered any vaccines.
Operations that reported any abortions and grazed with sheep from other operations had a higher within-flock
prevalence. © 2019 The Authors

Author: Ellis, C. K., Wehtje, M. E., Wolfe, L. L., Wolff, P. L., Hilton, C. D., Fisher, M. C., Green, S., Glow, M. P.,
Halseth, J. M., Lavelle, M. J., Snow, N. P., VanNatta, E. H., Rhyan, J. C., VerCauteren, K. C., Lance, W. R. and Nol, P.
Year: 2019
Title: Comparison of the efficacy of four drug combinations for immobilization of wild pigs
Journal: European Journal of Wildlife Research
Volume: 65
Issue: 5
DOI: 10.1007/s10344-019-1317-z
Abstract: Field immobilization of native or invasive wild pigs (Sus scrofa) is challenging. Drug combinations
commonly used often result in unsatisfactory immobilization, poor recovery, and adverse side effects, leading to
unsafe handling conditions for both animals and humans. We compared four chemical immobilization
combinations, medetomidine–midazolam–butorphanol (MMB), butorphanol–azaperone–medetomidine (BAM™),
nalbuphine–medetomidine–azaperone (NalMed-A), and tiletamine–zolazepam–xylazine (TZX), to determine which
drug combinations might provide better chemical immobilization of wild pigs. We achieved adequate
immobilization with no post-recovery morbidity with MMB. Adequate immobilization was achieved with BAM™;
however, we observed post-recovery morbidity. Both MMB and BAM™ produced more optimal results relative to
body temperature, recovery, and post-recovery morbidity and mortality compared to TZX. Adequate
immobilization was not achieved with NalMed-A. Of the four drug combinations examined, we conclude that MMB
performed most optimally for immobilization and recovery of wild pigs. © 2019, The Author(s).

Author: Yadav, S., Stenfeldt, C., Branan, M. A., Moreno-Torres, K. I., Holmstrom, L. K., Delgado, A. H. and Arzt, J.



Animal Disease Surveillance Systems, Risk Analysis and Epidemiological Modelling - Centers for Epidemiology and Animal
Heal

24 OIE Collaborating Centres Reports Activities, 2019

Year: 2019
Title: Parameterization of the Durations of Phases of Foot-And-Mouth Disease in Cattle
Journal: Frontiers in Veterinary Science
Volume: 6
DOI: 10.3389/fvets.2019.00263
Abstract: The objective of the current study was to update parameterization of mathematical simulation models
for foot-and-mouth disease (FMD) spread in cattle utilizing recent knowledge of FMD virus (FMDV) pathogenesis
and infection dynamics to estimate the duration of distinct phases of FMD. Specifically, the durations of
incubation, latent, and infectious periods were estimated for 3 serotypes (O, Asia1, and A) of FMDV, individually
and collectively (pan-serotypic). Animal-level data were used in Accelerated Failure Time (AFT) models to
estimate the duration of the defined phases of infection, while also investigating the influence of factors related
to the experimental design (exposure methods) and virus serotype on disease progression. Substantial influences
upon the estimated duration of distinct phases of FMD included the quantity of viral shedding used as a proxy for
the onset of infectiousness, virus serotypes, and experimental exposure methods. The use of detection of any
viral RNA in nasal secretions as a proxy of infectiousness lengthened the total infectious period compared to use
of threshold-based detection. Additionally, the experimental system used to infect the animals also had
significant effects on the duration of distinct phases of disease. Overall, the mean [95% Confidence Interval (CI)]
durations of pan-serotype disease phases in cattle were estimated to be: incubation phase = 3.6 days (2.7–4.8),
latent phase = 1.5 days (1.1–2.1), subclinical infectious phase = 2.2 days (1.5–3.5), clinical infectious phase = 8.5
days (6.2–11.6), and total infectious phase = 10.8 days (8.2–14.2). This study highlights the importance of
identifying appropriate proxy measures to define the onset and duration of infectiousness in FMDV-infected cattle
in the absence of actual transmission data. Additionally, it is demonstrated herein that factors associated with
experimental design, such as virus exposure methods, may significantly affect disease progression in individual
animals and should be considered when data is extrapolated from experimental studies. Given limitations in
experimental data availability, pan-serotypic parameters which include all routes of exposure and a threshold-
defined onset of infectiousness may be the most robust parameters for exploratory disease spread modeling
approaches, when information on the specific virus of interest is not available. © Copyright © 2019 Yadav,
Stenfeldt, Branan, Moreno-Torres, Holmstrom, Delgado and Arzt.

Author: Godden, S. M., Lombard, J. E. and Woolums, A. R.
Year: 2019
Title: Colostrum Management for Dairy Calves
Journal: Veterinary Clinics of North America - Food Animal Practice
Volume: 35
Issue: 3
Pages: 535-556
DOI: 10.1016/j.cvfa.2019.07.005
Abstract: Colostrum management is the single most important management factor in determining calf health and
survival. Additional benefits of good colostrum management include improved rate of gain and future
productivity. Successful colostrum management requires producers to provide calves with a sufficient volume of
clean, high-quality colostrum within the first few hours of life. This article reviews the process of colostrogenesis
and colostrum composition, and discusses key components in developing a successful colostrum management
program. In addition, the article discusses approaches for monitoring and proposes new goals for passive
immunity in dairy herds. © 2019 Elsevier Inc.

Author: Rhyan, J., Nol, P., Wehtje, M., Bosco-Lauth, A., Marlenee, N., McCollum, M., Bruce, S., Hartwig, A., Stelting,
S., Robbe-Austerman, S. and Bowen, R.
Year: 2019
Title: Partial protection in BALB/c house mice (Mus musculus) and rocky mountain elk (Cervus canadensis) after
vaccination with a killed, mucosally delivered Brucella abortus vaccine
Journal: Journal of Wildlife Diseases
Volume: 55
Issue: 4
Pages: 794-803
DOI: 10.7589/2018-08-190
Abstract: Brucellosis, caused by Brucella abortus, has been eliminated from livestock in the US. Remaining
wildlife reservoirs are the bison (Bison bison) and elk (Cervus canadensis) populations in Yellowstone National
Park and the surrounding area, from which there is periodic exposure and transmission to surrounding livestock
herds. Elk account for nearly all of the livestock exposure, and the infection appears to be expanding in the elk
population. Currently, there are no known effective vaccines for brucellosis in elk. We conducted three
experiments to evaluate the efficacy and practicality of delivering a killed B. abortus vaccine compounded with
montmorillonite clay as a carrying agent to oral, nasal, and conjunctival mucosa. The first study, conducted in
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laboratory mice (Mus musculus), demonstrated protection against infection equal to that produced by the
currently approved cattle (Bos taurus) vaccine RB51. The second experiment, conducted as a pilot study in a
small sample of elk, demonstrated partial protection against B. abortus infection. Results of the third experiment
showed that elk consumed the majority of a surrogate vaccine compounded with montmorillonite mixed in hay
with oral, nasal, conjunctival, and gastrointestinal exposure to the vaccine. These results suggest that multiple
exposures to a mucosally delivered vaccine may provide an effective method of vaccinating wildlife. © Wildlife
Disease Association 2019.

Author: Wilber, M. Q., Chinn, S. M., Beasley, J. C., Boughton, R. K., Brook, R. K., Ditchkoff, S. S., Fischer, J. W.,
Hartley, S. B., Holmstrom, L. K., Kilgo, J. C., Lewis, J. S., Miller, R. S., Snow, N. P., VerCauteren, K. C., Wisely, S. M.,
Webb, C. T. and Pepin, K. M.
Year: 2019
Title: Predicting functional responses in agro-ecosystems from animal movement data to improve management of
invasive pests
Journal: Ecological Applications
DOI: 10.1002/eap.2015
Abstract: Functional responses describe how changing resource availability affects consumer resource use, thus
providing a mechanistic approach to prediction of the invasibility and potential damage of invasive alien species
(IAS). However, functional responses can be context dependent, varying with resource characteristics and
availability, consumer attributes, and environmental variables. Identifying context dependencies can allow
invasion and damage risk to be predicted across different ecoregions. Understanding how ecological factors
shape the functional response in agro-ecosystems can improve predictions of hotspots of highest impact and
inform strategies to mitigate damage across locations with varying crop types and availability. We linked
heterogeneous movement data across different agro-ecosystems to predict ecologically driven variability in the
functional responses. We applied our approach to wild pigs (Sus scrofa), one of the most successful and
detrimental IAS worldwide where agricultural resource depredation is an important driver of spread and
establishment. We used continental-scale movement data within agro-ecosystems to quantify the functional
response of agricultural resources relative to availability of crops and natural forage. We hypothesized that wild
pigs would selectively use crops more often when natural forage resources were low. We also examined how
individual attributes such as sex, crop type, and resource stimulus such as distance to crops altered the
magnitude of the functional response. There was a strong agricultural functional response where crop use was an
accelerating function of crop availability at low density (Type III) and was highly context dependent. As
hypothesized, there was a reduced response of crop use with increasing crop availability when non-agricultural
resources were more available, emphasizing that crop damage levels are likely to be highly heterogeneous
depending on surrounding natural resources and temporal availability of crops. We found significant effects of
crop type and sex, with males spending 20% more time and visiting crops 58% more often than females, and
both sexes showing different functional responses depending on crop type. Our application demonstrates how
commonly collected animal movement data can be used to understand context dependencies in resource use to
improve our understanding of pest foraging behavior, with implications for prioritizing spatiotemporal hotspots of
potential economic loss in agro-ecosystems. © 2019 by the Ecological Society of America
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