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Best Oral Presentation

1%t place: Sushmita Kumari, University of Nebraska-Lincoln
2" place: Gabriela do Nascimento, Cornell University

3" place: Yi-Fan Shen, The Ohio State University

Best Lightning + Poster Presentation

1% place: Kristen Walker, USDA Animal Parasitic Diseases Laboratory
2" place: Chia-Ming Su, University of Illinois Urbana-Champaign

3" place: Kassandra Durazo Martinez, University of Nebraska-Lincoln

Best Poster Presentation

15t place: Marie-Jeanne Pesant, Université de Montréal, Canada
2" place: Grzegorz Tarasiuk, lowa State University

3" place: Rachel Schambow, University of Minnesota
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2022 NAPRRS/NC229 ICSVD Program

Friday, December 2, 2022
9:00 am - 8:00 pm: Conference Check-In/Onsite Registration (3rd Floor, King Arthur Court)
12:45 - 8:00 pm: Plenary Sessions (3rd Floor, King Arthur Court)

12:45 pm:
Opening Remarks: Welcome to 2022 ICSVD
Ying Fang, University of Illinois, USA

1:00 - 3:00 pm: Session 1: Field Challenges in Disease Control and Prevention
Moderators: Andreia Arruda, Jeffrey Zimmerman

e 1:00 pm: African Swine Fever and Its Challenges in Europe
Sandra Blome, Friedrich-Loeffler-Institut, Germany
e 1:30 pm: Vaccination Strategies to Reduce PRRSV Recombination
Jay Calvert, Zoetis, USA
e 2:00 pm: PRRS update...Why are we losing the battle?
Luc Dufresne, Seaboard Foods, USA
e 2:30 pm: Eradication of PRRS from Hungarian Pig Herds from 2014 to 2022
Gyula Balka, University of Veterinary Medicine, Budapest, Hungary
e 2:45 pm: National PRRS Reduction Strategy Launched in Denmark
Nicolai Weber, Danish Agriculture & Food Council, Copenhagen, Denmar

3:00 - 3:30 pm: Break

3:30 - 5:30 pm: Session 2: NC229 Station Report and Business Meeting
Moderators: Roman Pogranichniy, Pablo Pineyro-Pineiro

e 3:30 pm: NC229-Business Meeting Opening and Introduction
Roman Pogranichniy, Kansas State University, USA

e 3:45 pm: USDA-NIFA Update
Michelle Colby, USDA, USA

e 4:15 pm: NC229 Performance Highlights in Year 2021
Pablo Pineyro-Pineiro, lowa State University, USA

Page | 11 2022 NAPRRS/NC229 ICSVD D



e 4:30 pm: Station Representative Reports
e 5:30 pm: Closing Remarks and Renewal of NC229 Multistate grant

6:00 - 8:00 pm: ICSVD Welcome Dinner and Lightning Talk Session
6:00 pm: Start Food Service

6:30 - 8:00 pm: Session 3: Virus-Host Interaction and Pathogenesis (1)
Moderators: Elisa Crisci, John Harding

e 6:30 pm: Role of PSTIl in PRRSV-CD163 Interaction
Raymond (Bob) Rowland, University of lllinois, USA

e 6:35 pm: Deletion of CD163 Domain Five Protects Pigs from Infection with Porcine
Reproductive and Respiratory Syndrome Virus (PRRSV) Infection
Brianna Salgado, University of Illinois, USA

e 6:40 pm: Identification of Conserved Amino Acid Residue on PRRSV Glycoprotein 2
Critical for Infectivity in Macrophages
Jayeshbhai Chaudhari, University of Nebraska-Lincoln, USA

e 6:45 pm: Furin Cleavage is Required for Swine Acute Diarrhea Syndrome Coronavirus
Spike Protein-Mediated Cell-Cell Fusion
Jinman Kim, Chungnam National University, Republic of Korea

e 6:50 pm: Changes in Thyroid Hormone Levels Following Porcine Circovirus-2,
Mycoplasma, Salmonella or Brachyspira Inoculation
John Harding, University of Saskatchewan, Canada

e 6:55 pm: Novel Experimental Design Reveals Additional Evidence of Natural Genetic
Variation in Response to PRRS Challenge
Jenelle Dunkelberger, Topigs Norsvin Research Center, the Netherlands

e 7:00 pm: Experimental Pig Study Comparing Pathogenicy of PRRSV 1-4-4 L1C Variant
with Other Lineage 1 Strains
Gaurav Rawal, lowa State University, USA

e 7:05 pm: Characterization of the Subclinical Infection of Porcine Deltacoronavirusin
Grower Pigs Under Experimental Conditions
Lu Yen, lowa State University, USA

e 7:10 pm: Transcriptomic Analysis of Air-Liquid Interface Porcine Respiratory Epithelial
Cell Cultures Infected with Porcine Hemagglutinating Encephalomyelitis Virus
Rahul Nelli, lowa State University, USA
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e 7:15 pm: Establish A Pregnant Sow-Neonatal Pig Model System to Study Influenza-
Microbiome Interactions
Lufan Yang, University of lllinois, USA

e 7:20 pm: Mitochondrial Dysfunction and Oxidative Stress in PRRSV-2 Infected Lung
Macrophages
Elisa Crisci, North Carolina State University, USA

e 7:25 pm: Identification and Characterization of Nidovirus-host Molecular Interactions
Mehdi Maury Laouedj, University of Montreal, USA

e 7:30 pm: Porcine Reproductive and Respiratory Syndrome Virus Induces Degradation
of the Promyelocytic Leukemia Protein and Promotes Viral Replication
Chia-Ming Su, University of Illinois, USA

e 7:35 pm: Overexpression of IFITM3 Induces Autophagy in H1299 Cells and Enhances
SVA Replication
Shamiq Aftab, South Dakota State University, USA

e 7:40 pm: Investigation of Fetal Gene Expression Patterns in the Liver, Heart, and
Kidney for Prediction of Reproductive Failure
Kristen Walker, USDA-ARS, USA

e 7:45 pm: PRRSV Infection of Alveolar Macrophages Promotes Inflammation and
Inhibits Apoptosis
Kassanddra Durazo-Martinez, University of Nebraska-Lincoln, USA

e 7:50 pm: GP5-Specific Antibody Response to Porcine Reproductive and Respiratory
Syndrome Virus Challenge in Vaccinated Swine
Jing Huang, University of Minnesota, USA

e 7:55 pm: Switching Immune Target: Applying MJPRRS Classifications to Characterize
How PRRSV GP5-Epitope C Changes Over Time
Julia Baker, University of Minnesota, USA

Saturday, December 3, 2022
7:00 am - 6:00 pm: Conference Check-In/Onsite Registration (3rd Floor, King Arthur Court)
8:00 am - 5:00 pm: Plenary Sessions (3rd Floor, King Arthur Court)

8:00 - 9:30 am: Session 4: Virus-Host Interaction and Pathogenesis (I1)
Moderators: Joan Lunney, Scott Kenney
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e 8:00 am: Influenza A Virus in US Swine Populations and the Confluence Between Swine
and Human Health
Amy Vincent, USDA-ARS, USA

e 8:30 am: Partnership Update: Functional Genomics Approach in Livestock to Delineate
Host Factors Critical for Emerging Coronavirus Replication
Scott Kenney, The Ohio State University, USA

e 8:45am: The P1 Region is a Major Determinant of Pathogenicity and Virulence of
Senecavirus A Infection
Diego Diel, Cornell University, USA

e 9:00 am: IFN Suppression-Negative and NF-kB Activation-Negative PRRSV in Pigs
During Coinfection With Streptococcus Suis
Dongwan Yoo, University of lllinois, USA

e 9:15am: Deconstructing the Role of SYNGR2 in Viral Disease Susceptibility in Swine
Daniel Ciobanu, University of Nebraska, USA

9:30 am - 10:00 am: Break

10:00 am - 11:30 am: Session 5: Novel Vaccine Development and Vaccination Strategies
Moderators: Laura Miller, Hiep Vu

e 10:00 am: Development of a Broadly Protective Vaccine Against Swine Influenza Virus
Based on the M2 Envelope Protein
Federico Zuckerman, University of Illinois, USA

e 10:15am: A Swine Influenza Candidate Vaccine Platform Based on a Consensus
Sequence for Hemagglutinin of H1 Subtype
Gabriela do Nascimento, Cornell University, USA

e 10:30 am: A trivalent Pichinde Virus Vectored Vaccine Expressing HA Proteins of HIN1,
H1N2 and H3N2 Influenza Viruses Elicit a Balanced Protective Immunity Against
Influenza Infection of Pigs
Sushmita Kumari, University of Nebraska-Lincoln, USA

e 10:45 am: Effect of Killed PRRSV Vaccine on Gut Microbiota Diversity in Pigs
Christopher Gaulke, University of lllinois, USA

e 11:00 am: Senecavirus a (SVA) and Foot-and-Mouth Disease Virus (FMDV) Viral-Like-
Particle (VLP) Based Vaccines Induced Cellular and Humoral Immune Response in Pigs
Kepalee Saeng-chuto, Chulalongkorn University, Thailand
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e 11:15 am: Engineering an African Swine Fever Virus Multiepitope Protein for Use in an
ASF Nanoparticle-based Subunit Vaccine
Carolyn Lee, The Ohio State University, USA

11:30 am - 1:30 pm: Zoetis Special Lunch Session
Session 6: Swine Health and Production, the Inevitable Blend
Moderators: Jose Angulo, Jay Calvert

e 11:45am: Welcome to Zoetis Special Session
Jose Angulo, Zoetis, USA

e 12:00 pm: Quality Weaned Pigs, Implications for Health and Performance in Growing
Pigs
Will Lopez, PIC, USA

e 12:20 pm: PRRSV Surveillance Using Tongue Tips Fluids (TTF), Practical Implications
Dealing with PRRS Outbreaks
Jordi Baliellas, GSP, Lleida, Spain

e 12:40 pm: Major Enhancement of U.S. Swine Industry Biosecurity: What Does This
Really Mean for Production System to Explain Between-Farm Disease Spread?
Gustavo Machado, North Carolina State University, USA

e 1:00 pm: Round Table Discussion

1:30 - 3:00 pm: Session 7: Emerging Diseases and Field Detection
Co-Organized by NAPRRS/NC229 and Swine Health Information Center (SHIC)
Moderators: Megan Niederwerder, Roman Pogranichniy

e 1:30 pm: Emerging Swine Disease Investigation: SHIC Update
Paul Sundberg, Swine Health Information Center (SHIC), USA

e 1:45 pm: Global Disease Monitoring for Swine Diseases
Maria Sol Perez Aguirreburualde, University of Minnesota, USA

e 2:00 pm: Rapid Response Program and Outbreak Investigations for Field Detection of
the Source of Pathogen Entry
Kate Dion, lowa State University, USA

e 2:15 pm: Japanese Encephalitis Virus: an Emerging Transboundary Pathogen
Leela Noronha, USDA-ARS, USA

e 2:30 pm: Monitoring Clinical Progression and Sequencing Data of PRRSV2 L1C144
Variant Affected Breeding Herds
Mariana Kikuti, University of Minnesota, USA
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e 2:45 pm Swine Disease Reporting System: A tool for Emerging Swine Disease
Investigation
Guilherme Arruda Cezar, lowa State University, USA

3:00 - 3:30 pm: Break

3:30 - 5:00 pm: Session 8: Modern Technologies in Swine Disease Diagnostics
Co-Organized by NAPRRS/NC229 and Swine Health Information Center (SHIC)
Moderators: Paul Sundberg, Noelle Noyes

e 3:30 pm: Next Generation of Swine Diagnostic Laboratory Platforms
Luis Gimenez-Lirola, lowa State University, USA

e 3:45 pm: Development of a Single, Rapid Workflow for Simultaneous Detection of >50
Swine Viruses from Field Samples
Noelle Noyes, University of Minnesota, USA

e 4:00 pm: Low-Cost Biosensors for Rapid, On-Chip, On-Site Detection of Swine
Respiratory Viruses
Liang Dong, lowa State University, USA

e 4:15 pm: Differentiation of PRRS Vaccine Strains Using Luminex Bead-Based
Technology
Jianfa Bai, Kansas State University, USA

e 4:30 pm: Predicting Antigenic Dissimilarity for PRRSV Type 1: Applications of Machine
Learning
Kimberly VanderWaal, University of Minnesota, USA

e 4:45 pm: PRRS View: An Analytical Platform for the Assessment of PRRSV ORF5 Genetic
Sequences
Anugrah Saxena, lowa State University, USA

6:00 - 8:00 pm: Poster Session and Reception (1¢ Floor, Avenue and Streeterville Room)

Sunday, December 4, 2022

7:00 am - 12:00 pm (7th Floor, Grand Ballroom)
Conference Check-In

8:00 am - 12:00 pm: Plenary Sessions (7th Floor, Grand Ballroom)
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8:00 - 9:30 am: Session 9: Viral Detection, Diagnostics and Surveillance
Moderators: Diego Diel, Phillip Gauger

9:30 -

8:00 am: PRRSV-1 Strain with Increased Pathogenicity Isolated from a Severe
Outbreak in England

Jean-Pierre Frossard, Animal and Plant Health Agency, UK

8:15 am: Refining PRRSV-2 Genetic Classification Based on Global ORF5 Sequences
and Investigation of Geographic Distributions and Temporal Changes

Jiangiang Zhang, lowa State University, USA

8:30 am: Historical Analysis of N-glycosylation Patterns in PRRSV-2 in the U.S.

Igor Paploski, University of Minnesota, USA

8:45 am: Contrasting PRRSV Temporal Lineage Patterns at the Production System,
State, and Regional Levels

Yi-Fan Shen, The Ohio State University, USA

9:00 am: Incidence of Porcine Parainfluenza Virus 1 (PPIV1) Co-Infections with
Influenza A Virus (IAV) and Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) in Herds with Respiratory Disease

Tomasz Stadejek, Warsaw University of Life Sciences, Poland

9:15 am: Detection and Frequency of Potential Zoonotic Rotavirus in Suckling Pigs in
the South of Peru

Milagros Lostaunau, San Marcos National University, Peru

10:00 am: Break

10:00 - 11:15 am: Session 10: Virus Transmission, Biosecurity and Area Control
Moderators: Scott Dee, James Lowe

10:00 am: Detection of Senecavirus A in Pigs from a Historically Negative National
Swine Herd and in Associated Feed Imports from an Endemically Infected Country
Scott Dee, Pipestone, USA

10:15 am: Comparative Adsorption of Porcine Reproductive and Respiratory
Syndrome Virus Strains to Minnesota Soils

Joaquin Alvarez-Norambuena, University of Minnesota, USA

10:30 am: Addressing Biocontainment Through Environmental Contamination
Assessment in Farms Housing PRRS Lineage 1C 1-4-4 Positive Pigs

Claudio Melini, University of Minnesota, USA
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e 10:45 am: Gilt Introduction in Danish PRRSV-Positive Farms
Elisabeth Okholm Nielsen, SEGES Innovation, Denmark

e 11:00 am: Comparative Survival of Different Strains of Porcine Reproductive and
Respiratory Syndrome Virus at Different Temperatures
Angie Quinonez-Munoz, University of Minnesota, USA

11:15 am - 12:00 pm: Student Award Ceremony

e 11:15am:35years - What’s Next
David Benfield, The Ohio State University, USA.
e 11:30 am: Award Announcement
NAPRRS/NC229 ICSVD scientific committee
e 12:00 pm: Closing Remarks
Raymond (Bob) Rowland, University of lllinois, USA
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NAPRRS/NC229 ICSVD Poster Presentations

Virus-Host Interaction and Pathogenesis

Poster #

Presenter Name

Title

01

Shamiq Aftab

Overexpression of IFITM3 induces autophagy in H1299
cells and enhances SVA replication

02

Julia Baker

Switching immune target: applying MJPRRS
classifications to characterize how PRRSV GP5-epitope
C changes over time

03

Jayeshbhai Chaudhari

Identification of conserved amino acid residue on
PRRSV glycoprotein 2 critical for infectivity in
macrophages

04

Daniel Ciobanu

Deconstructing the Role of SYNGR2 in Viral Disease
Susceptibility in Swine

05

Elisabeth Crisci

Mitochondrial dysfunction and oxidative stress in
PRRSV-2 infected lung macrophages

06

Diego Diel

The P1 region is a major determinant of pathogenicity
and virulence of Senecavirus A infection

07

Jenelle Dunkelberger

Novel experimental design reveals additional evidence
of natural genetic variation in response to PRRS
challenge

08

Kassanddra Durazo-Martinez

PRRSV Infection of alveolar macrophages Promotes
Inflammation and Inhibits Apoptosis

09

John Harding

Changes in thyroid hormone levels following porcine
circovirus-2, Mycoplasma, Salmonella or Brachyspira
inoculation

10

Jing Huang

GP5-specific antibody response to porcine
reproductive and respiratory syndrome virus challenge
in vaccinated swine

11

Scott Kenney

Partnership update: Functional genomics approach in
livestock to delineate host factors critical for emerging
coronavirus replication

12

Jinman Kim

Furin cleavage is required for swine acute diarrhea
syndrome coronavirus spike protein-mediated cell—cell
fusion

13

Changhee Lee

Deletion of pentad residues in the N-terminal domain
of spike protein fully attenuates porcine epidemic
diarrhea virus in piglets

14

Mehdi Maury Laoued;j

Identification and characterization of nidovirus-host
molecular interactions

15

Rahul Nelli

Transcriptomic analysis of air-liquid interface porcine
respiratory epithelial cell cultures infected with
porcine hemagglutinating encephalomyelitis virus

16

Gaurav Rawal

Experimental pig study comparing contemporary and
historical porcine respiratory coronavirus isolates in
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pigs with and without subsequent influenza A virus
infection

17

Gaurav Rawal

Experimental pig study comparing pathogenicity of
PRRSV 1-4-4 L1C variant with other Lineage 1 strains

18

Raymond (Bob) Rowland

Role of PSTIl in PRRSV-CD163 interaction

19

Brianna Salgado

Deletion of CD163 domain five protects pigs from
infection with porcine reproductive and respiratory
syndrome virus (PRRSV) infection

20

Chia-Ming Su

Porcine reproductive and respiratory syndrome virus
induces degradation of the promyelocytic leukemia
protein and promotes viral replication

21

Hiep Vu

Partnership: Systematic screening of ASFV proteome
to identify immunogenic antigens

22

Kristen Walker

Investigation of fetal gene expression patterns in the
liver, heart, and kidney for prediction of reproductive
failure

23

Lufan Yang

Establish a pregnant sow-neonatal pig model system
to study influenza-microbiome interactions

24

Lu Yen

Characterization of the subclinical infection of porcine
deltacoronavirus in grower pigs under experimental
conditions

25

Fangfeng Yuan

Evaluation of the stability and immunogenicity of a
novel PPIV1 vector for expression of ASFV p30/p54
antigens

26

Dongwan Yoo

IFN suppression-negative and NF-kB activation-
negative PRRSV in pigs during coinfection with
Streptococcus suis

Novel Vaccines, Vaccination Strategies, and therapeutics

Poster #

Presenter Name

Title

27

Joel Miranda

Comparison of the immune response of a PRRS MLV
vaccine administered at 3 days or 3 weeks of age by
different routes in piglets with maternal antibodies

28

Joaquin Ivarez-Norambuena

Experimental in-vitro evaluation of PRRSv modified-
live vaccine and wild-type virus sequenced detection
in co-infections

29

Chi Chen

Establishing pregnant sow-fetus models to assess
safety and efficacy of influenza vaccines

30

Gabriela do Nascimento

A swine influenza candidate vaccine platform based on
a consensus sequence for hemagglutinin of H1
subtype

31

Christopher Gaulke

Effect of Killed PRRSV Vaccine on Gut Microbiota
Diversity in Pigs

32

John Harding

Thyroid hormone supplementation following PRRSV-2
and PRRSV-MHP infection
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33

Marie-Eve Koziol

A CSF vaccine based on E2 recombinant glycoprotein
and adjuvanted with oil-in-water emulsion induces a
full protection in a pig field trial

34 Sushmita Kumari A trivalent Pichinde virus vectored vaccine expressing
HA proteins of HIN1, HIN2 and H3N2 influenza
viruses elicit a balanced protective immunity against
influenza infection of pigs

35 Horacio Lara Field trial experience with an intranasal
nonpathogenic novel vaccine against PRRS

36 Carolyn Lee Engineering an African Swine Fever Virus Multiepitope
Protein for Use in an ASF Nanoparticle-based Subunit
Vaccine

37 Hongyao Lin Preventing ASF transmission through intradermal
vaccination

38 Marie-Jeanne Pesant Tenofovir and pro-drug tenofovir disoproxil fumarate
inhibit porcine reproductive and respiratory syndrome
virus [PRRSv] in vitro

39 Kepalee Saeng-chuto Codon and conditions optimization for ASFV protein
expression in vitro by mRNA expression system: A
rapid and adaptable vaccine platform

40 Kepalee Saeng-chuto Senecavirus a (SVA) and foot-and-mouth disease virus
(FMDV) viral-like-particle (VLP) based vaccines induced
cellular and humoral immune response in pigs.

41 Federico Zuckermann Development of a broadly protective vaccine against
swine influenza virus based on the M2 envelope
protein

Emerging Diseases and Field Investigation
Poster # Presenter Name Title

42 Maria Sol Perez Aguirreburualde | Global disease monitoring for swine diseases

43 Guilherme Arruda Cezar Swine Disease Reporting System: A tool for Emerging
Swine Disease Investigation

44 Kate Dion Rapid Response Program and Outbreak Investigations
for Field Detection of the Source of Pathogen Entry

45 Mariana Kikuti Monitoring clinical progression and sequencing data of
PRRSV2 L1C144 variant affected breeding herds

46 Leela Noronha Japanese Encephalitis Virus: an Emerging
Transboundary Pathogen

Modern Technologies in Swine Disease Diagnostics
Poster # Presenter Name Title

47 Luis Gimenez-Lirola Next generation of swine diagnostic laboratory

platforms
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48

Liang Dong

Low-cost biosensors for rapid, on-chip, on-site
detection of swine respiratory viruses

49

Jianfa Bai

Differentiation of PRRS vaccine strains using Luminex
bead-based technology

50

Dennis Makau

Predicting antigenic dissimilarity for PRRSV type 1:
Applications of Machine learning

51

Noelle Noyes

Development of a single, rapid workflow for
simultaneous detection of >50 swine viruses from field
samples

52

Anugrah Saxena

PRRSView: An analytical platform for the assessment
of PRRSV ORF5 genetic sequences

Viral Detection, Diagnostics and Suveillance

Poster #

Presenter Name

Title

53

Betsy Armenta-Leyva

Effect of heating or diluting swine oral fluid samples
on gPCR detection

54

Betsy Armenta-Leyva

Efficiency standardized PRRSV serum RT-qPCR results

55

Jean-Pierre Frossard

PRRSV-1 strain with increased pathogenicity isolated
from a severe outbreak in England

56

Saraswathi Lanka

Rapid detection of African swine fever virus DNA using
a colorimetric LAMP PCR

57

Changhee Lee

Prevalence and pathogenic assessment of co-infection
of porcine epidemic diarrhea virus and Clostridium
perfringens type A

58

Whitney Lewis

Developing DNA-nanopore Sensors for Direct
Detection and Differentiation of Infectious and
Noninfectious Porcine Viruses

59

Milagros Lostaunau

Detection and frequency of potential zoonotic
Rotavirus in suckling pigs in the south of Peru

60

Hung Luong

Diagnostic performance of two pen-side tests for
detection of African swine fever virus in Vietnam

61

Berenice Munguia-Ramirez

Effect of freeze-thaw on PRRSV RNA detection by RT-
gPCR

62

Berenice Munguia-Ramirez

Use of a porcine endogenous reference gene (internal
sample control) in a PRRSV RT-gPCR

63

Igor Paploski

Historical analysis of N-glycosylation patterns in
PRRSV-2 in the U.S.

64

Roman Pogranichniy

Next Generation Sequencing (NGS) for Comprehensive
Genetic, Phylogenetic and Variant Analysis of
Betaarterivirus suid 2 (PRRSV-2) in an Integrated US
Swine Producer

65

Kaylyn Rudy

Viral load and inflammatory response in non-lymphoid
fetal tissues following late gestation PRRSV-2
challenge
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66

Rachel Schambow

A participatory approach to enhancing the passive
surveillance of African and Classical swine fevers

67

Yi-Fan Shen

Contrasting PRRSV temporal lineage patterns at the
production system, state, and regional levels

68

Grzegorz Tarasiuk

Effect of pen size and number of ropes on behaviors
associated with oral fluid sampling

69

Aleksandra Wozniak

Incidence of porcine parainfluenza virus 1 (PPIV1) co-
infections with influenza A virus (IAV) and porcine
reproductive and respiratory syndrome virus (PRRSV)
in herds with respiratory disease

70

Colin Yoder

Benefits and Barriers to Implementation of an
Enhanced Passive Surveillance System for African
Swine Fever in U.S. Swine Farms

71

Jiangiang Zhang

Refining PRRSV-2 genetic classification based on global
ORF5 sequences and investigation of geographic

distributions and temporal changes

Virus Transmission,

Biosecurity, and Area Control

Poster #

Presenter Name

Title

72

Joaquin Alvarez-Norambuena

Comparative adsorption of Porcine Reproductive and
Respiratory Syndrome Virus strains to Minnesota soils

73

Gyula Balka

Eradication of PRRS from Hungarian pig herds from
2014 to 2022

74

Scott Dee

Detection of Senecavirus A in pigs from a historically
negative national swine herd and in associated feed
imports from an endemically infected country

75

Claudio Melini

Evaluation of infectiousness and virulence of the
newly emergent and virulent Minnesota PRRS virus
variant

76

Claudio Melini

Addressing biocontainment through environmental
contamination assessment in farms housing PRRS
Lineage 1C 1-4-4 positive pigs

77

Elisabeth Okholm Nielsen

Gilt introduction in Danish PRRSV-positive farms

78

Angie Quinonez Munoz

Comparative survival of different strains of Porcine
Reproductive and Respiratory Syndrome virus at
different temperatures

79

Nicolai Weber

National PRRS reduction strategy launched in
Denmark
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ABSTRACTS

(Arranged in alphabetical order with the First author’s last name)
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Overexpression of IFITM3 induces autophagy in H1299 cells and enhances SVA replication
S. Aftab'*, E. Nelson?, X. Wang!

"Department of Biology and Microbiology, 2Department of Veterinary and Biomedical Sciences,
South Dakota State University, Brookings, SD-57007, USA

Seneca Virus A (SVA) is a non-enveloped, positive sense, ssSRNA virus belonging to the family
Picornaviridae. SVA causes vesicular diseases in pigs with clinical signs like foot and mouth
disease virus. Multiple outbreaks have been reported in the USA, Brazil, and China resulting in
significant economic losses. SVA and several other viruses including influenza A virus, dengue
virus, and classical swine fever virus have been shown to induce autophagy for increased virus
replication. Interferon Induced Transmembrane Protein 3 (IFITM3) is an interferon stimulated
gene (ISGs) that has broad antiviral activity. It has been reported that overexpression of IFITM3
induces autophagy. The objective of this study is to investigate the role of IFITM3 overexpression
in SVA replication and induction of autophagy in SVA susceptible cells.

To achieve this objective, exogenous IFITM3 was overexpressed in H1299 cells and PK-15 cells
followed by SVA infection to check both virus titer and viral protein expression by TCIDs assay
and Western Blot, respectively. To examine whether IFITM3 overexpression induces autophagy,
we performed Western Blot to examine the expression of LC-3B and confocal microscopy to show
co-localization between EGFP-LC3 and late endosomal marker LAMP-1. SVA infected cells and
Torinl were used as positive controls and the plasmid vector control was included as a negative
control for confocal microscopy. To further confirm whether autophagy enhances SVA replication
in H1299 cells, we treated cells with 3-methyl adenine (3MA), an inhibitor of autophagy, and
compared supernatant virus titer with those of non-treated cells by TCIDso assay.

Our results indicated that IFITM3 overexpression in H1299 cells significantly enhanced viral
replication as compared to vector control. IFITM3 overexpression alone in H1299 cells, but not in
PK-15 cells, induced autophagy as evidenced by the detection of LC3B using western blot and co-
localization of EGFP-LC3 and LAMP-1 using confocal microscopy. We hypothesize that
autophagy induced by IFITM3 overexpression in H1299 cells may contribute to the enhanced SVA
replication. We have indeed observed a reduced viral titer in 3MA treated H1299 cells as compared
to non-treated group. We also observed that the exogenous IFITM3 is very stable in SVA infected
H1299 cells, but not in SVA infected PK-15 cells.

To summarize, our preliminary data suggested a possible role of IFITM3 overexpression in
induction of autophagy in H1299 cells contributing to enhanced SV A replication. Further studies
are required to evaluate the mechanisms by which IFITM3 overexpression enhances SVA
replication in both the cell types.
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Comparison of the immune response of a PRRS MLV vaccine administered at 3 days or 3
weeks of age by different routes in piglets with maternal antibodies

L. Aguirre!, M. Martin!, E. Mateu', M. Baratelli?, S. Ramirez?, J. Miranda*

1 Dept. Animal Health and Anatomy, Veterinary Faculty of Barcelona, Autonomous University
of Barcelona, 08193 Cerdanyola del Valles, Spain.
2 Hipra Laboratorios, Avda de la Selva, Amer, Spain.

The vaccination of piglets against PRRS seeks strategically to generate an active immunity
against PRRS before they get infected. This approach is increasingly used in breeder sites of
Europe that have been stabilized, or are close to stabilization, but where infection still persists in
nurseries. In some farms, piglet vaccination is performed around weaning; in other farms,
vaccination is administered earlier, usually in the first week of life. It is known that the maternal
immunity might interfere with vaccination and so an early administration during lactation might
increase this risk. Besides, some PRRS vaccines can be administered by intramuscular or by
intradermal routes. While intramuscular vaccination is a well-established way of vaccination, it
causes more stress to the pig than the intradermal route.

The objective of the present study was to evaluate the immune response of a genotype 1
commercial MLV PRRS vaccine administered at 3 days of age in presence of maternally derived
antibodies. The trial was conducted on a PRRSV stable farm that applied a periodic mass
vaccination program for sows. Four groups of piglets (n=18) were vaccinated at 3 days or 21
days of age by either the intramuscular (IM) or the intradermal route (ID). A placebo group was
kept as a control. Animals were bled at 3, 21, 28, 56, and 70 days of age to assess seroconversion
and the development of neutralizing antibodies.

Before vaccination (3 days of age), the homologous viral neutralization test (VNT) titers were
3.4 logz and 4.0 log> for the ID groups vaccinated at 3 and 21 days of age, respectively. On the
other hand, the IM groups had homologous VNT titers of 2.9 log, and 5.6 logz for animals
vaccinated at 3 and 21 days, respectively. For animals vaccinated IM at 3 days of age,
neutralizing antibodies developed from day 21 of age, but the ID group was mostly negative at
that age. At 56 days of age, the VNT titers of animals vaccinated at 3 days of age were similar
regardless of the vaccination route and remained so at 70 days of age. Regarding animals
vaccinated at 21 days of age, no differences in the development of antibodies were observed
between the IM and ID groups, and by day 56 of age most animals had VNT titers of 3 logz or
higher.

In conclusion, IM vaccination at 3 days or 21 days did not show any significant difference.

Vaccination using the ID route resulted in a slightly delayed development of neutralizing
antibodies, although these differences disappeared later.
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Comparative adsorption of Porcine Reproductive and Respiratory Syndrome Virus strains
to Minnesota soils
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Introduction

Porcine reproductive and respiratory syndrome (PRRS) has become the most significant disease
in the US (1). Data from the Morrison Swine Health Monitoring Project (MSHMP) indicate an
increasing trend of PRRS cases between October and December (2), a time when manure is
pumped and spread on soils (3). It is known that PRRSV can be found in feces and manure pits
(4,5) but there is scarce data on whether PRRSV present in the manure could reach groundwater
(6-8). Therefore, the aim of this study was to compare different strains of PRRSV for their
percolating ability through different soil types.

Materials and Methods

For the purpose of this study, we used three different PRRS viruses (RFLP 1-7-4 L1A, 1-4-4 L1C,
and 1-26-2 LXX), which were grown and titrated in MARC-145 cells. A total of 13 soils were
used; 6 from sites surrounding pig farms and 7 obtained from the UMN Agronomy Department.
A vertical glass column model was used in which 5g, 10g and 20g of each soil was placed inside
the glass columns with a filter paper in the bottom end. Enough water was added to soil columns
until the soil was moist and the air bubbles were removed. Then a solution containing virus and
water (1:1 v/v) were added to the glass column and percolated water was collected and
subsequently titrated in MARC-145 cells. Results were analyzed through ANOVA and multiple
linear regression.

Results

For all PRRSv strains, we were able to isolate virus in the percolates regardless of the amount of
soil added (5g, 10g, & 20g). With the 1-7-4 strain, the initial titter decreased from 6.50 to 3.83
log10TCIDs0/100 pL after being diluted with water (positive control). The virus was isolated from
all 5g soil samples, 12 out of 13 10g soil samples and from 6 out of 13 samples. In the case of the
1-4-4 strain, the titter decreased from 5.50 to 3.17 logi0TCIDso/100 pL after being diluted with
water. The virus was isolated from all the 5g soil samples, 6 out of 13 10g soil samples and 3 out
of 13 20 g soil samples. As for the 1-26-2, the titter decreased from 5.17 to 3.50 log10TCIDs0/100
uL. We were able to isolate the virus from all samples at 5g and 10g, and in 11 out of 13 20g soil
samples (Fig. 1).
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Figure 1. Dot chart of the TCIDso results by type of soil and virus.

Conclusions

1. All virus strains were able to percolate through all amounts and types of soil.
2. There is an inversely proportional relationship between viral titer and amount of soil.
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Experimental in-vitro evaluation of PRRSv modified-live vaccine and wild-type virus
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J. Alvarez-Norambuena!, M. Kikuti!, A. Rovira!, C.A. Corzo'

Weterinary Population Medicine, University of Minnesota, Saint Paul, MN, USA

Introduction

Porcine reproductive and respiratory syndrome (PRRS) virus is known to cause great economic
losses in the swine industry (1). Modified-live vaccines (MLV) have been used in the field to
mitigate clinical impact and reduced wild-type virus shedding before wild-type (WT) exposure
(2). Vaccines have also been used during an outbreak as a control strategy (3, 4). The main
diagnostic test to confirm a new viral introduction is PCR together with ORF5 sequencing.
However, interpretation of these results can be complex when two strains in the same sample since
the sequencing of one strain may be favored (5). Therefore, the aim of this study is to assess the
detection of wild-type or vaccine-like sequences in in-vitro samples spiked with both strains at
different concentrations.

Materials and Methods

Two viruses were used for this study, a wild-type strain RFLP 1-7-4 lineage 1A and a vaccine
strain RFLP 2-5-2 lineage 5 from Ingelvac PRRS MLV (Boehringer Ingelheim Animal Health,
Duluth, Georgia, USA). Each strain was subjected quantitative PCR (qPCR) at the University of
Minnesota Veterinary Diagnostic Laboratory (UMNVDL), and subsequently diluted to obtain
three different concentrations of RNA copies per mL (10%, 10°, 10%). Samples comprised a mix of
all possible concentration combinations of WT and MLV to create 9 different groups with 3
replicates each (Table 1). Samples were then RT-PCR tested and ORF5 sequenced.

Results

An MLV-like sequence (RFLP 2-5-2) was most frequently obtained when the vaccine had a
concentration equal or higher to the wild-type strain (in 5 out of 9 groups, 55.6%). A wild-type
sequence (RFLP 1-7-4) was most frequently obtained in 1 out of 9 (11.1%) groups, when
concentration of wild-type was 2 logs higher than the concentration of vaccine. In group 4, one
sequence was MLV-like (RFLP 2-5-2) and 2 sequences were wild-type (RFLP 1-7-4 and 1-10-4).
Only one sequence was generated in group 8 (vaccine at 10* and wild-type at 10°), which was
classified as wild-type (RFLP 1-7-4), and none of the replicated for group 9 yielded a sequence.
One to three nucleotide differences from either the original MLV or wild-type sequences were
observed in 8 samples, as shown in the percent nucleotide identity in Table 1. This resulted in
changes in the RFLP pattern of the consensus sequence for two samples.
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Table 1. PRRS ORF5 sequencing results by group according to RFLP classification and percent

nucleotide identity to the original vaccine and wild-type strain

MLV Wild-type
vaccine Wild-type ercent ercent
Group concentration concen)t’fation RFLP Eucleotide Eucleotide
identity identity
2-5-2 1 100.0 87.6
1 10"6 1076 2-5-2 |1 100.0 87.6
2-5-2 |1 100.0 87.6
2-5-2 |1 100.0 87.6
2 10"6 1075 2-5-2 |1 100.0 87.6
2-5-2 |1 100.0 87.6
2-5-2 |1 100.0 87.6
3 1076 1074 2-5-2 |1 100.0 87.6
2-5-2 |1 100.0 87.6
2-5-2 |1 100.0 87.6
4 1075 1076 }"10' 88.0 99.6
1-7-4 | 879 99.7
2-5-2 1 100.0 87.6
5 1075 1075 1-5-2 ] 99.7 87.6
2-5-2 1 99.8 87.4
2-5-2 |1 100.0 87.6
6 1015 1074 2-5-2 |1 100.0 87.6
2-5-2 1 99.8 87.4
1-7-4 | 87.8 99.8
7 10M4 1076 1-7-4 | 87.7 99.8
1-7-4 | 87.7 99.8
NA NA NA
8 104 1075 1-7-4 | 87.7 99.8
NA NA NA
NA NA NA
9 10M4 10M4 NA NA NA
NA NA NA

Conclusions

We observed a tendency to sequence the vaccine strain when present at same or higher than wild-
type strain concentrations in the same sample. When vaccinated herds are undergoing WT
elimination, it is important to consider that the vaccine strain may be masking wild-type infections.

Limitations
e Only one vaccine was evaluated
e Only one PRRS strain was tested
e Primers used for sequencing
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Effect of heating or diluting swine oral fluid samples on qPCR detection
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Reports in the literature state that detection of nucleic acids (NA) in human oral fluids (OF) is
improved by heating and/or diluting the sample. With heat, for example, Ranoa et al. (2020)
described direct PCR for SARS-CoV-2 RNA on samples heated at 95°C for 30 minutes; lower
temperatures and/or shorter incubation times did not achieve the same results. In this study, we
tested the effect of heating (95°C % 30 m) or diluting (tris borate EDTA; TBE) swine oral fluid
samples on the detection of RNA, i.e., PRRSV, influenza A virus (IAV), PEDV, or DNA, i.e.,
Mycoplasma hyopneumoniae (MHP).

In Experiment 1, OF samples containing PRRSV (n = 8), IAV (n = 8), PEDV (n = 8) or MHP (n
= 8) were 2-fold serially diluted (neat, 1:2, 1:4, 1:8) using PRRSV-, IAV-, PEDV-, and MHP-free
OF as diluent (n = 32 aliquots per pathogen). Each aliquot was split into 4 and randomized to one
of 4 procedures: (P1) heat (95°C x 30 m) and direct qPCR; (P2) heat, cool (25°C x 20 m) and
direct qPCR; (P3) heat, cool, nucleic acid extraction, and direct gPCR; (P4, i.e., control) extraction
and qPCR.

In Experiment 2, OF samples containing PRRSV (n =9), IAV (n = 10), PEDV (n = 10), or MHP
(n = 10) were split into three aliquots: (D1) undiluted; (D2) diluted 1:2 with OF free of PRRSV,
IAV, PEDV, and MHP; (D3) diluted 1:2 with TBE (89 mM Tris, 89 mM boric acid, 2 mM EDTA).
Samples were randomly ordered and then tested.

Nucleic acid extraction and qPCRs were done using commercial products (IDEXX Laboratories,
Inc.).

In Experiment 1, standard procedures (P4, control) produced 32/32 aliquots positive for PRRSV,
32/32 for IAV, 32/32 for PEDV, and 31/32 for MHP. In contrast, the aggregated results for P1,
P2, and P3, produced 1/96 aliquots positive for PRRSV, 5/96 for AV, 15/96 for PEDV, and 47/96
for MHP, i.e., multiple false negatives. For all pathogens, standard procedures produced lower
Cgs than positives in procedures P1, P2, or P3. The results (means) from Experiment 2 showed
no gain with D2 or D3:

PRRSV - undiluted Cq = 32.3; D2 Cq=34.2; D3 Cq=136.8.
1AV - undiluted Cq = 29.0; D2 Cq=30.0; D3 Cq=29.9.
PEDV - undiluted Cq = 25.5; D2 Cq=26.0; D3 Cq=25.5.
MHP - undiluted Cq = 33.0; D2 Cq=33.6; D3 Cq=33.9.

In conclusion, the heat and dilution treatments described in the literature were detrimental to the
detection of PRRSV, IAV, PEDV, and MHP nucleic acids in oral fluid samples by qPCR.
Interestingly, examination of the literature showed that these reports often did not include
comparisons with standard methods. That is, quantitative measures of the gain or loss in
performance achieved by alternative methods was typically lacking. In this study, the inclusion of
comparisons showed that optimum results were obtained using standard extraction and
amplification methods.
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Efficiency standardized PRRSV serum RT-qPCR results
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Over time, consistency of diagnostic PCRs has been improved by the widespread use of
commercial extraction and amplification reagents, but further improvement may be achieved by
expressing results relative to a reference standard (RS). In fact, this is typically done in basic
research by expressing PCR results as “efficiency standardized quantification cycles” (ECqs):
ECq = E-%!Ca where E = amplification efficiency and delta Cq = (sample Cq - RS Cq).

The objective of this study was to explore the application of the ECq methodology to routine
diagnostic testing.

1. Target specific (PRRSV RNA) and matrix-specific (serum) reference standards (RS) were
created by rehydrating and then diluting (1 x 10*) a PRRSV MLV vaccine (Ingelvac® PRRS
MLYV) with PRRSV-free serum. Four reference standards were run on each plate.

2. Serum samples (n =44) to be tested were collected from 4 pigs vaccinated with a PRRSV MLV
(Ingelvac® PRRSV MLYV) on days post vaccination (DPV) 0, 5, 8, 11, 14, 17, 21 and 28.

3. Testing was performed in 48-well plates using commercial reagents (RealPCR* DNA/RNA
Spin Column Kit, RealPCR*RNA Master Mix and RealPCR*NA PRRS Types 1-2 RNA Mix,
IDEXX Laboratories, Inc.) and the MIC PCR™ Cycler (Bio Molecular Systems, Australia).

4. Sample results and plate RS efficiencies were calculated by commercial software (MIC PCR™,
v2.10.4). The "E" for each plate was then calculated as the mean of the 4 RSs on the plate and the
delta Cq was for each sample calculated as (sample Cq —mean RS Cq). Across 8 plates, the mean
plate RS Cq and E responses were 30.6 and 90%, respectively. All serum samples were negative
on DPV 0 (ECq 0, Cq > 40) and all were positive on DPVs 5 - 28 (mean ECq = 8.4, mean Cq =
31.1).

In this study, ECq represents the PRRSV RNA fold change in a sample relative to the plate
reference standards. For example, an ECq of 8.4 indicated that the concentration of PRRSV RNA
was 8.4 times the concentration in the RS. Accounting for amplification efficiency (E) improves
test consistency because sample Cgs are directly related to E. Assuming 100% E will lead to the
over estimation of target concentration. Moreover, expressing Cqgs in the context of an agreed-
upon reference standard could improve comparability across laboratories. In addition, all results
have an ECq numeric value, i.e., “indeterminate” Cq results become zeros. Therefore, statistical
analyses are valid with ECqs and it is possible to calculate cutoffs and evaluate diagnostic
performance using receiver operating characteristic analysis.
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Switching immune target: applying MJPRRS classifications to characterize how PRRSV
GP5-epitope C changes over time
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PRRSYV is the most economically significant disease of swine in the US, with industry-wide losses
estimated at $664 million annually. PRRSV evolves rapidly, which poses a major barrier to effective
immunization by generating genetic and antigenic diversity leading to poor cross-protection between
different strains. Currently, PRRSV strains are classified into phylogenetic lineage based upon their
ORF5 sequence. Lineage prevalence changes through time, possibly due to immune-mediated
competition, as any evolution that occurs in antigenic regions of the virus could contribute to immune
escape. The surface protein GP5 is of particular interest for immunity because it contains several
epitopes, including epitope C, which is thought to be a target for homologous neutralization and
overlaps with a hypervariable region (HVR2) in the ORF5 gene. Using epitope C as an exemplar, our
objective was to quantify how epitopes vary across time and assess the extent to which changes in
epitope C were associated with PRRSV strain emergence. Using the MJPRRS immune groups
(developed by Phibro Animal Health), which characterize different amino acid patterns present in
epitope C, we investigated whether these patterns clustered according to viral lineage, which would
support the hypothesis that lineages have different immunological phenotypes. We found that most
non-lineage 1 clades were classified as MJPRRS pattern D1, which was the predominant epitope
pattern of PRRSYV strains circulating prior to the introduction and expansion of lineage 1 in the US. In
contrast, within the currently prevalent lineage 1, MJPRRS epitope pattern D4 was the most common,
though other patterns are more common in newer sub-lineages, such as D7 in sub-lineage L1A
(including many RFLP-pattern 1-7-4 viruses) and D5 in sub-lineage L1H (including many
contemporary 1-8-4 viruses). Because hypervariable regions of GPS5 are subject to rapid evolutionary
change, a virus’s epitope MJPRRS group can switch. We investigated the rates of such switching
events between different MJPRRS groups using Bayesian Evolutionary Analysis Sampling Trees
(BEAST) discrete trait analysis. This analysis showed that pattern D1 was the most likely ancestral
epitope pattern for non-lineage 1 PRRSV strains. Subsequently, other MJPRRS epitope patterns began
to emerge within each non-lineage 1 clade. For example, lineage 9 contains several switches to D2 and
D4, with subsequent switches to D5 and D6. Overall, the rates of switching epitope patterns were
highest from D1 to D2, DI to D4, and from D5 to D4. In contrast, pattern D4 was the most likely
ancestral epitope for lineage 1. Early epitope pattern switches were associated with the emergence of
sub-lineages, e.g., pattern D7 emerged with sub-lineage 1A and pattern S1 emerged with sub-lineage
1F. Within each sub-lineage, there are additional micro-emergences associated with pattern switching,
e.g., separate clades within sub-lineage 1C switching to pattern D5 or to pattern S2 and on to S1.
Overall, the rates of switching MJPRRS groups within Lineage 1 were highest from pattern D4 to DS,
D4 to D6, and from D7 to D4 and D6. Characterizing PRRSV evolution through the lens of MJPRRS
epitope pattern classifications can provide insight into how the virus has historically been changing
from an antigenic perspective. This may allow for more precise immunization strategies in the field by
targeting the circulating epitope pattern and those that it is most likely to transition to. Investigating
other regions of the PRRSV genome, particularly those that are likely antigenic, may highlight patterns
of emergence of potentially immunologically distinct strains.
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PRRSYV Surveillance Using Tongue Tips Fluids (TTF), Practical Implications Dealing with
PRRS Outbreaks

Jordi Baliellas
GSP, Lleida, Spain

Monitoring the Porcine Reproductive and Respiratory Syndrome virus (PRRSv) has become a key
element for surveillance and decision making in breeding herds. The evolution of the PRRSV
positivity correlates with the efficacy of the measures we have applied to control the disease.

The use of processing fluids has emerged as an effective technique for monitoring PRRSV
presence in a cost-effective way. However, in the countries where castration is not practiced, we
need other techniques to evaluate the presence of PRRSV during the first days of life.

The drained fluid from removed parts of cadavers such as tongue tips fluid (TTF), is a good
alternative even in a low prevalence scenario. One of the main advantages of TTF is that we are
targeting in a group of animals (dead animals) where the likelihood of detecting the viruses would
be higher. It also doesn’t require any difficult training; we only need to take a tip from the tongue
of dead animals and store it in frozen conditions.

We collect the tongue tips as an aggregated sample in bags based on the age of the pigs, the batch,
the site, etc. During the thawing of these samples, we obtain a drained fluid which contains saliva,
blood and amniotic liquid traces in stillborn piglets.

The quality of the TTF is better compared with other aggregated samples such as oral fluids
because the liquid obtained from tongue tips is similar to a serum. Therefore, the ¢T values of TTF
are lower the first weeks after an outbreak and it helps the sequencing process. We can also use
the evolution of the cT values in stillborn piglets to predict if we are close to stability at the birth
moment, in clinical cases where the cT value and the percentage of negative PCR results increases
after consecutive weeks or batches.

Active surveillance of PRRSV and other diseases from TTF is possible in breeding, nursery and
finishing farms. TTF is a feasible technique to put into practice for monitoring swine diseases in
an easy, economic and non-invasive way.
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According to recent calculations, the estimated losses due to PRRS in Hungary were close to 5
billion HUF (=12.5 M USD) per year, thus the Pig and Food Chain Safety Strategy of the
Hungarian Government (2013-2022) highlighted the need for the eradication of PRRS virus
(PRRSv) from the Hungarian domestic swine population.

Therefore, in Hungary (first among the EU Member States), a National PRRS Eradication Program
was introduced in 2014 in order to reach a more efficient, and more competitive international
market position. The veterinary authorities carried out the implementation of the program with
consent and continuous monitoring by the organizations of the pig industry. The legal background
of the eradication program was set out in Decree 3/2014 (16 January) of the Minister of Rural
Development, that has been approved by the competent committee of the European Union.

The National PRRS Eradication Plan specified the establishment of separate PRRS eradication
plans for each large-scale pig herd, including large breeding farms. The tests required for the
certifications were carried out at the state’s expense. Based on these results, the herds were
certified by the local veterinary authority. The definitions have been updated in 2017 according to
the World Organization for Animal Health (OIE). The international PRRS regulations in the
Terrestrial Animal Health Code, including the concept and category of a “vaccinated free” (VF)
large-scale breeding herd, was introduced.

The National PRRS eradication program in Hungary is based on a territorial principle, and it is
obligatory for each swine farm. PRRS eradication was carried out mainly by the depopulation-
repopulation method.

Altogether, 165 PRRSv infected large-scale breeding farms had to create their own eradication
plan, which was individually evaluated and approved by the local authorities. Finally, 94 farms
(with 69,111 sows) out of the 165, successfully eradicated PRRS by depopulation/repopulation
with a certain level of compensation from the authorities, six reached VF status.

Although its significance has decreased in recent decades, 20% of the Hungarian pig population
still consists of small-scale (backyard) farms (< 100 animals). As a result of the program, PRRS-
free status of the small-scale herds was achieved by the end of 2015, and this status was maintained
from 2016-2022.

By March 31, 2022, the total pig population of Hungary, including fatteners, reached wild type

PRRSv-free status. To date, five herds use modified live virus vaccination of the breeding herd
and rear PRRSv-free piglets.
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African swine fever and its challenges in Europe
S. Blome!

Friedrich-Loeffler-Institut, Federal Research Institute for Animal Health, Greifswald, Insel Riems
- Germany

It is not without reason that African swine fever has recently been called a forgotten pandemic that
has transformed from an exotic disease to one of the greatest threats to domestic and wild pigs
world-wide.

Europe is currently facing different scenarios with front and point introductions, disease in wild
boar and domestic pigs, and areas with long-lasting endemicities. This diversity calls for tailored
approaches to surveillance, diagnosis, and control. While our proven, traditional control strategies
work well for industrial pig farms, we quickly reach our limits when we have to control the disease
with the means available to date in the abundant wild boar population (now also including wild
boar in cities) or in regions with a majority of backyard farms. In addition, we face conflicts of
interest that arise between disease control and conservation or between hunting and farming,
respectively. To turn the tide, vaccines could be the missing tool. Here, benefit-risk-analyses will
have to precede the decisions to implement vaccination strategies with the vaccines available to
date (that are not licensed so far). Furthermore, we have to stay open-minded when it comes to
alternative approaches.

Beyond the aforementioned challenges, the virus itself also holds surprises. With the introduction
into Germany in 2020, viral variants were observed that showed local distribution and could be

followed by genomic epidemiology.

To combat the disease, we will have to tie strong bonds between countries and disciplines.
Furthermore, we have to work on closing critical knowledge gaps.
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Rapid detection of African swine fever virus DNA using a colorimetric LAMP PCR
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African swine fever virus (ASFV) currently represents the biggest threat to the porcine industry
worldwide, with high economic impact and severe animal health and welfare concerns. Since its
reintroduction into the Eurasian continent in 2007, ASFV has spread both east and west-ward,
leading to a series of outbreaks during the 2010s, that culminated in introduction of the virus in
large pork-producing countries, such as China and Germany. Notably, in 2021, ASFV was detected
in the Dominican Republic and Haiti, raising concern over the reemergence of the virus in the
Americas. Given the lack of approved vaccines against ASFV, control of the virus relies heavily
on molecular surveillance. While real time PCR is the gold standard diagnostic technique, LAMP-
PCR has become more enticing due to its potential for point-of-care use and minimal expense,
equipment and training required.

The present study led to development of two LAMP assays for the detection of ASFV with
potential to be used in production or slaughter facilities, with results comparable in sensitivity and
specificity to current reference qPCR methods. Initial screening of four different primer sets (6
oligomers each) targeting the p72 gene was carried out in a fluorometric LAMP detection assay
using a synthetic plasmid containing the cloned ASFV p72 gene sequence as a positive control.
Two of the primer sets, named ASFV-LAMP-BG2 and ASFV-LAMP-BG3, were selected for
validation given their faster detection time. Both primer sets showed good thermal stability,
amplifying the ASFV DNA at temperatures between 60-70°C in 5-6 minutes. These primer sets
also proved to be highly sensitive, detecting as few as one ASFV-plasmid DNA copy/uL, in both
fluorometric and colorimetric reactions. ASFV-LAMP primer sets were also able to detect
genotype I and I ASFV virus strains, though at a slightly higher detection limit than the reference
qPCR assay. LAMP amplification was not affected by the nature of the matrices, including oral
fluids, tonsils, blood, or rectal swabs. It also showed high specificity when tested against DNA and
RNA from 25 different pathogens affecting swine, or genetically related to those of relevance in
swine health. Taken together, the results show that ASFV-LAMP-BG2 and ASFV-LAMP-BG3
would be a useful tool for rapid, highly sensitive on-site diagnostic testing.
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Vaccination Strategies to Reduce PRRSV Recombination

Jay Calvert?, Jose Angulo, Alvaro Aldaz,
Zoetis, USA

With the increase in whole genome sequencing, it has become abundantly clear that many “new” PRRS
viruses are actually the result of recombination between two or more existing strains PRRSV-1 or PRRSV-
2. Recombination between PRRSV-1 and PRRSV-2 has not been reported to occur in nature. It is well
known that both species of PRRS viruses have a high mutation rate, but less well understood that they
also have a very high rate of homologous recombination. This is due in part to the distinctive mechanism
employed by PRRSV and other Nidoviruses to express structural proteins from subgenomic RNAs. These
sgRNAs are generated when the RNA polymerase, with a nascent strand of newly synthesized RNA,
detaches from one position on its genome-length RNA template and reattaches to a distant site on the
same (or different) RNA template to continue RNA synthesis. This requirement for the polymerase to hop
from one location to another makes Nidoviruses particularly prone to homologous recombination by the
template-switching mechanism. Modified live vaccine viruses are not exempt from recombination, and it
is not uncommon for whole genome sequencing to reveal that “vaccine-like” isolates from the field (based
on ORF 5 sequencing) are actually recombinant viruses containing a vaccine-derived ORF 5 in the context
of wild-type sequences. In several well documented cases, two vaccine strains have recombined with
each other to produce a vaccine-like virus that is less attenuated than either vaccine parent. Fortunately,
recombination between strains of PRRS virus can only occur when both viruses infect the same cell (in the
same pig), at the same time. Using this as a guiding principle, there are a variety of vaccine management
strategies that can be used to reduce the opportunity for recombination between vaccine viruses and
field strains, and between vaccine strains. These strategies will be discussed in the presentation.
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Confirmed porcine reproductive and respiratory syndrome virus (PRRSV) tissue diagnosis
and pathogen interactions over time and age category
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Porcine reproductive and respiratory syndrome virus (PRRSV) causes losses of over $664 million
annually in the US, affecting the whole swine industry. In addition, the virus is part of the porcine
respiratory disease complex, occurring in many cases associated with other pathogens, which can
increase production losses. However, PRRSV coinfections with other pathogens are not often
described because monitoring several agents on a farm could be costly and laborious. A feasible
method to quantify the frequency of submissions with multiple etiologies/disease diagnoses is to
utilize the disease diagnostic system (Dx code) implemented at the Iowa State University
Veterinary Diagnostic Laboratory (ISU-VDL). The Dx code system facilitates recording,
standardization, and data aggregation of disease diagnosis from tissue cases. Based on the Dx code
database, this research analyzed the most common pathogens occurring simultaneously by age
category and year, clarifying the co-diagnosis of PRRSV dynamics and interactions.

Diagnostic code data from 2013 to 2022 were retrieved from ISU-VDL and aggregated by
submission level, using the accession ID as the unit of analysis (case). Using SAS (v.9.4; SAS
Institute), the data was cleaned, organized, and set in a collated format using the Dx codes
components, i.e., system, insult, lesion, etiology. In cases with two or more Dx codes, the etiology,
system affected, pathogens involved, and types of lesions were assigned to one row as one case.
For example, a case with two Dx codes: respiratory, viral, pneumonia, PRRSV and respiratory,
bacterial, pleuritis, Glaesserella parasuis were merged in one row as respiratory, insult 1 (viral),
insult 2 (bacterial), lesion 1 (pneumonia), lesion 2 (pleuritis), etiology 1 (PRRSV), and etiology 2
(Glaesserella parasuis). Each case with a Dx code assigned to PRRSV and other associated
pathogens was counted as co-diagnosis. Final aggregated data were analyzed by the system
affected, age category, and year.

The final dataset comprised 26,596 cases assigned with the PRRSV Dx code, representing 37.8%
of'total respiratory cases (15,643 0f41,410) and 34.4% of systemic cases (9,035 0 26,368). 10,237
PRRSYV cases had other pathogens diagnosed. The percentage of PRRSV co-diagnosis cases had
continuously increased since 2014, when 565 of 1,906 (29.6%) cases had co-diagnosis, compared
to 2020, when 2,162 of 3,982 (54.9%) cases had a co-diagnosis with PRRSV. In 2021, the cases
reached the largest absolute number, with 2,681 of 5,361 having a PRRSV co-diagnosis. Regarding
cases with a co-diagnosis, the age category grow-to-finish represented 5,361 cases (52.4%),
followed by nursery at 4,369 (42.75%). Overall, Pasteurella multocida (24.1%), Glaesserella
parasuis (15%), Streptococcus suis (14.8%), Influenza A virus (IAV) (14.7%), and Mycoplasma
hyorhinis (9.5%) were the main pathogens co-diagnosed with PRRSV. Not surprisingly,
Pasteurella multocida, Glaesserella parasuis, Streptococcus suis, and IAV are pathogens in the
porcine respiratory disease complex. Breaking down these data by systems, PRRSV with AV
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leads the respiratory category (2,830 of 8,301 — 34.1%), and PRRSV with Glaesserella parasuis
leads the systemic cases (943 of 2,863 - 32.9%). These results highlight the increasing number of
cases with pathogen interactions and generate awareness of the importance of monitoring other
pathogens in addition to PRRSV that may impact swine production systems.
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Swine Disease Reporting System: A Tool for Emerging Swine Disease Investigation
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The Swine Disease Reporting System (SDRS) is a Swine Health and Information Center-funded
initiative to aggregate and report veterinary diagnostic data collected from veterinary diagnostic
laboratories (VDLs). The SDRS database is one of the largest diagnostic databases in the US,
including polymerase chain reaction (PCR) data. Results from 5 VDLs (Iowa State University,
University of Minnesota, South Dakota State University, Kansas State University, and Ohio
Animal Disease Diagnostic Laboratory) are included in the database. Seven swine pathogens:
porcine reproductive and respiratory syndrome virus (PRRSV), porcine epidemic diarrhea virus
(PEDV), porcine deltacoronavirus (PDCoV), transmissible gastroenteritis virus (TGEV),
Mycoplasma hyopneumoniae, porcine circovirus type 2 (PCV2), and influenza A virus (IAV) are
included. The objective of this study is to demonstrate the capability of the SDRS database to
inform the US swine industry about emerging and re-emerging animal health threats on a real-time
basis.

Data is collected from VDLs using Health Level Seven International (HL7), application
programming interface (API) connection, and comma-separated values (CSV) files. Data
standardization, modeling, and visualization are performed using commercially available
softwares, e.g., SAS, R, RMarkdown, and Power B.I. Investigators review all the analyses to
ensure the accuracy of the data. Preliminary results are shared with an advisory group composed
of veterinarians/producers distributed across different U.S. regions and representing independent
and integrated production systems to gain additional input about the results before releasing
reports. Monthly reports in a variety of formats (PDF, audio, video, and dashboards) are made
available at www.fieldepi.org/SDRS for public access.

The database contains more than 1 million cases (> 2.6 million samples) that revealed
epidemiological megatrends for the pathogens monitored in the project. Examples of SDRS
contributions to stakeholders are the detection of cyclic patterns with higher detection of PRRSV,
PEDV, and PDCoV during colder months throughout the years. Also demonstrated, in 2020, an
increased activity of PRRSV in October and November was associated with the emergence of a
new highly pathogenic PRRSV strain (RFLP 1-4-4 Lineage 1C variant). TGEV has not been
detected since April of 2021, suggesting that this virus might be circulating at a low prevalence in
the United States. In September of 2022, the SDRS also reported the lowest percentage of positive
detection of PDCoV since 2018 (3478 submissions, and 0.40% positive). At a state-level
monitoring, an increased detection of PEDV RT-rtPCR positive submissions was observed
initially in February of 2022. Monthly monitoring of virus detection revealed a substantial increase
in positive submissions from Missouri, Minnesota, lowa, Kansas, Nebraska, and North Carolina,
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generating awareness for the swine industry to take the appropriate biosecurity and biocontainment
measures.

Furthermore, the SDRS also demonstrated that higher levels of PRRSV, IAV, PEDV, and PDCoV
detection occur in the wean-to-market age category compared to sow farms. In addition, the
increased activity of PRRSV and IAV in the wean-to-market age category precedes the increase
in detection for adult/sow farms. In response to SDRS disease data and field data, the Swine Health
Information Center, National Pork Board, and the Foundation for Food & Agriculture research
allocated $2.3 million for research focusing on wean-to-harvest biosecurity
(https://www.swinehealth.org/shic-sets-focus-on-wean-to-harvest-biosecurity/). These findings
highlight the importance of SDRS to monitor endemic, emerging, and re-emerging pathogens
affecting the US swine population, assisting veterinarians and producers in making informed
animal health decisions.
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Identification of conserved amino acid residue on PRRSV glycoprotein 2 critical for
infectivity in macrophages
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Porcine reproductive and respiratory syndrome virus (PRRSV) has a strict tropism for cells of
monocyte/macrophage linage of swine. The viral minor glycoproteins 2 (GP2), GP3, and GP4
have been shown to interact with CD163, a key receptor for virus entry. MARC-145, a monkey
kidney cell line, has been routinely used for the propagation of PRRSV in vitro. In this study, the
PRRSYV strain NCV1 was passaged on MARC-145 for 95 passages, and two plaque clones (C-1
and C-2) were randomly selected for further analysis. The C-1 virus nearly lost the ability to
replicate in porcine alveolar macrophages (PAMs), the natural in vivo cellular targets of PRRSV
infection, as well as porcine kidney cells expressing porcine CD163 (PK15-pCD163), while the
C-2 virus replicates well in these two cell types. The objective of this study was to identify viral
genetics that are determinants for the virus infectivity in PAMs.

The complete genome of NCV1 at different passage levels was sequenced and analyzed to identify
potential mutations responsible for the loss of infectivity of C-1 in PAMs. Reverse genetics was
employed to manipulate these mutation sites to demonstrate their association with the virus
infectivity in PAMs and PK15-pCD163.

The C-1 virus carried four unique amino acid mutations that were not found in the C-2 virus or
viruses at other passage levels: three in the nonstructural proteins and a K160I in GP2. Alignment
of GP2 sequences available in GenBank revealed that K160 residue was highly conserved among
PRRSV-2 isolates. The introduction of an [160K substitution in GP2 of the C-1 virus restored its
infectivity in PAMs and PK15-pCD163 cells. On the other hand, the introduction of a K160I
mutation in GP2 of the virulent PRRSV-2 strain NCV 13, which replicates efficiently in PAMs,
significantly impaired its infectivity in PAMs and PK15-pCD163 cells. Importantly, pigs
inoculated with the NCV13-K160I mutant virus exhibited lower viremia levels and lung lesions
than those infected with the wild-type NCV13.

Collectively, these results demonstrate that the K160 residue in GP2 of PRRSV is one of the
determinants of cellular tropisms.
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Porcine hemagglutinating encephalomyelitis virus (PHEV) is a neurotropic porcine
betacoronavirus that replicates initially in the upper respiratory tract. The present study is a
continuation of our previous studies based on an organotypic air-liquid interface porcine
respiratory epithelial cells (ALI-PRECs) culture system, in which we demonstrated that PHEV
disrupts the homeostasis of porcine respiratory epithelia by altering the ciliary function and induce
antiviral, proinflammatory cytokine and chemokine responses. Here, we further investigate the
mechanisms driving the early innate immune modulation in ALI-PRECs in response to PHEV
infection. Following inoculation with PHEV, total RNA was collected from ALI-PRECs at 24
hours post inoculation (hpi), 36 hpi, and 48 hpi. After determining the RNA quality (Agilent
bioanalyzer), RNA-seq analysis, including library preparation and sequencing, was performed at
the Iowa State University Genomics center using the Illumina Hiseq 6000 to generate 100 bp
paired-end reads. The sequences were checked for quality with FastQC, trimmed with
Trimmomatic to remove adapters, and aligned on the Sscrofa 11.1 genome with HiSat2.
Differential gene expression (DEG) was performed using DeSeq2 utilizing a parametric fit type
and poscounts to account for genes with zero counts. DEG analysis was based on the model
treatment + hpi + treatment:hpi + E. Statistically significant gene modulation reported for the
interaction effect of treatment:hpi. The number of significant (FDR < 0.15) differentially expressed
genes (DEGs) increased with time post-infection, with 112 DEGs at 24 hpi, 163 DEG at 36 hpi,
and 179 DEGs at 48 hpi. As expected, GO terms associated to the Type-1 interferon response were
significantly enriched in all three time points. GO terms related to chemokines were observed at
36 hpi and 48 hpi, while DEGs in GO terms associated to ciliary function were expressed at 48
hpi. Using Qiagen Ingenuity Pathway Analysis (IPA), significant networks, top functions, and
canonical pathways associated with DEGs were identified. Among several predicted networks,
hypercytokinemia/ hyperchemokinemia in the pathogenesis of influenza pathway was the most
significant canonical pathway at all three time points. Predicted dysregulation of DEGs involved
with RIG-I-like receptors (RLRs), IRF-3/IRF-7, and transcription factors such as STATI1, API
were noticed as early as 24 hpi. Their activation is predicted to activate several DEGs involved in
the proinflammatory response, including CCLS5 and CXCL10, via the NFkB signaling pathway. In
summary, the RNA-seq analysis performed in this study further supports our previous results that
the ALI-PRECs culture system is a suitable ex vivo infection model to study PHEV and other
porcine respiratory pathogens.
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Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) is one of the most economically
impacting viruses for the global swine industry. PRRSV has a known tropism for lung
macrophages, where it causes impaired immune responses and altered mitochondrial function.
This study evaluated the metabolic and immune profiles of primary porcine alveolar macrophages
(PAM) and lung parenchymal macrophages (PIM) infected with different strains of PRRSV-2, a
highly pathogenic North Carolina (NC)-174 and a lowly pathogenic NC-134 isolate. Primary
enriched mononuclear phagocytes were infected ex vivo, sorted, and the total RNA was used for a
transcriptomic approach; additionally, gene expression was further validated by RT-qPCR and
NanoString technology. Complementary functional assays were used to further investigate the
mitochondrial dysfunction and oxidative stress induced by PRRSV-2 infection. PAM and PIM
showed different transcriptomic profiles during the early stage of infection, with downregulation
of genes involved in the oxidative phosphorylation and electron transport chain pathways. This
genetic reprogramming matched the mitochondrial impairment observed in functional assays.
ROS production was reduced upon NC-134, and stimulated during NC-174, infection in cultured
lung macrophages. Mitochondrial respiration showed different profiles between infected PIM and
PAM: PAM reduced their spare respiratory capacity and ATP production upon both NC-134 and
NC-174 strain infections, whereas NC-174 infected PIM increased their respiratory capacity and
proton leak levels. These results provide valuable insights into the pathogenetic mechanism of
different virulent PRRSV-2 strains, focusing on the alteration of mitochondrial function in lung
macrophages during early infection.
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Detection of Senecavirus A in pigs from a historically negative national swine herd and in
associated feed imports from an endemically infected country
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Introduction: The purpose of this report is to describe the initial clinical diagnosis of SVA in a
swine farm from a historically naive national herd, and the results of a diagnostic investigation
designed to identify potential routes of entry of SVA to the country and the farm. For
confidentiality, names of all countries and companies will not be disclosed. In July 2022, vesicular
lesions were observed on the snouts and feet of pigs in the case pork production system. Diagnostic
testing indicated the presence of SVA in vesicular fluids and ruled out FMDV. Prior to the onset
of clinical signs, feed ingredients had been imported from other countries, several known to be
endemically infected with SVA, and formulated diets contain these imported ingredients were
being fed to pigs prior to and during the onset of clinical signs. All feed ingredients had been stored
at a warehouse at the feed mill, which was located on a separate site from the farm, and different
personnel worked at the mill and the farm.

Methods: A diagnostic investigation was conducted to identify potential sources of viral entry. A
total of 39 samples (dust and grain probe) were collected, including samples from facilities and
equipment, i.e., floor surfaces from storage warehouses and associated driveways on affected
farms and mills, along with feed mixers, from bulk-feed ingredients, including soybean meal
imported from SVA-positive and SVA-negative countries, along with raw soybeans and corn
gluten meal from SVA-negative countries, and micronutrients from SVA-positive countries,
including valine, lysine, methionine, vitamin C, threonine, and tryptophan, were sampled. In
addition, one tote bag containing lysine from an SVA-positive country was sampled, due to visible
debris, i.e., feed dust and dirt observed on its external surface. Finally, dust samples of poultry
feed and dust from associated feed storage areas, along with samples of dust from plant food, were
collected. Samples were tested for the presence of SVA RNA by PCR. To validate the ability of
the PCR assay to detect SVA RNA, six feed samples from an unaffected farm were spiked with
vesicular fluid from affected pigs with clinical signs.

Results: Across all samples tested, two of the five samples of dust from soybean meal imported
from an SVA-positive country, and the sample from the external surface of the tote bag, from a
different SVA-positive country, were positive for SVA RNA. All other samples were PCR-
negative. All positive control samples were PCR-positive for SVA RNA.

Discussion: As this was the initial incursion of SVA to the country, the fact that SVA RNA was
present only in specific types of samples, i.e., 40% of the samples from dust samples from imported
soybean meal and the one sample from surface debris obtained from an imported feed tote, is
significant. The fact that clinical signs of SVA were noted in pigs being fed diets formulated with
these imported ingredients suggests that infectious SVA could have been present in the feed. In
conclusion, this case describes the first potential link between the entry of a novel viral agent to a
naive national swine herd through the prior importation of feed ingredients from an endemically
infected county.
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Rapid Response Program and Outbreak Investigations for Field Detection of the Source of
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In 2016, the Swine Health Information Center (SHIC) funded a project to develop a Rapid
Response Corp (RRC) to develop a network of trained, prepared, and committed veterinarians,
state health animal officials, epidemiologists, and, when needed, federal animal health officials to
conduct epidemiologic investigations when a new transboundary or emerging disease threat
occurred.

Resources developed for the Rapid Response Program, including the outbreak investigation form,
are available at www.swinehealth.org. To view these resources, click on “Rapid Response
Program” under the “Emerging Disease” tab and then on “Rapid Response Program Resources.”

The objective of an outbreak investigation is to identify how a new emerging or transboundary
pathogen is transmitted from one herd to another. An outbreak investigation form is utilized to
collect epidemiologic information systematically, comprehensively, and consistently. The
investigator subjectively assigns findings from the epidemiologic investigation for each category
of events as high, medium, or low likelihood as the source of the pathogen introduction and is
included in a report along with the information collected during the investigation.

The SHIC RRC has completed outbreak investigations for regional outbreaks of porcine epidemic
diarrhea virus (PEDV) and Seneca virus A. Additionally, the Rapid Response program tools have
been utilized by swine veterinarians to investigate the introduction of pathogens endemic to the
United States into farms that were previously negative for porcine reproductive and respiratory
syndrome virus (PRRSV) and PEDV in sow herds and a regional outbreak of Actinobacillus
pleuropneumonia in growing pigs. It has also served as a tool to perform a biosecurity hazard
analysis to identify areas where a farm may want to focus on improving biosecurity processes to
mitigate the potential risk of pathogen entry.

In 2022, the outbreak investigation form was updated to cover new technologies, diagnostic tests
or sample types, biosecurity procedures, and areas of potential pathogen introduction that were not
covered or required more detail compared to the previous form by a group of practicing swine
veterinarians, researchers, and epidemiologists. A components document to define the scope,
methodology, reporting, and terminology was developed to further explain how to standardize
outbreak investigations.

This presentation will review the process of performing an outbreak investigation, examples of
how outbreak investigations have assisted in field detection of the source of PRRSV and PEDV
introductions into farms, and a review of the project to update and standardize the outbreak
investigation form and components document.
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Influenza A viruses (IAV-S) belonging to H1 subtype are endemic in swine worldwide. The
evolution of swine influenza viruses (IAV-S) reflects several introductions of IAV's from birds and
humans into the swine population. Antigenic drift and antigenic shift lead to a substantial antigenic
diversity of circulating IAV-S strains. As a result, the most used vaccines based on whole
inactivated viruses (WIV) provide low protection against divergent H1 strains due to the mismatch
between the vaccine virus strain and the circulating one. The design of sequences based on
contemporary virus isolates may minimize this sequence diversity and protect against heterologous
strains by centralizing the immunogenicity of the vaccine antigen. Here, the consensus coding
sequence of the full-length of HA from H1 subtype was generated in silico after careful analysis
and alignment of the sequences from IAV-S isolates obtained from public databases by early 2018.
The DNA fragment containing this consensus coding sequence was subcloned into a poxviral
transfer vector by enzymatic digestion and ligation to finally be inserted into the ORFV121 locus
of Orf virus by homologous recombination. The immunogenicity and protective efficacy of the
resulting ORFVA121conH1 recombinant virus was evaluated against divergent strains in piglets.
Virus shedding after intranasal challenge with two IAV-S strains was assessed by real-time RT-
PCR and virus titration in permissive cells. Viral genome copies and infectious virus were reduced
in nasal secretions of immunized animals. Flow cytometry analysis showed the percentage of T
helper/memory cells secreting IL-17A and IFN-y, as well as cytotoxic T lymphocytes (CTLs)
secreting IFN-y, were significantly higher in the peripheral blood mononuclear cells (PBMCs) of
the vaccinated groups compared to unvaccinated animals when they were challenged with a
pandemic strain of HIN1 (HIN1pdm). Interestingly, the percentage of IL-17A induced T cells was
higher in the bronchoalveolar lavage of vaccinated animals in relation to unvaccinated animals in
the groups challenged with a HIN1 from the gamma clade. In summary, the delivery of the
consensus HA from H1 IAV-S subtype by Orf virus, a poxvirus vector, decreased the shedding of
infectious virus and the viral load of IAV-S in nasal secretions and induced cellular protective
immunity against divergent influenza viruses in swine.
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Novel experimental design reveals additional evidence of natural genetic variation in
response to PRRS challenge
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Results of a previous multifactorial PRRS challenge trial provide evidence of substantial
phenotypic and genetic variation in host response to challenge, where both growth rate and
mortality under challenge were heritable traits. The trial described below was conducted as a
follow-up study with the objective of estimating genetic parameters for host response to
experimental PRRS challenge, in an attempt to validate these results. Compared to the previous
study, efforts were made to improve upon the experimental design to maximize genetic variation
in host response to challenge.

Three-way commercial crossbred finishing pigs (n = 1,971) were used for this study. Landrace x
Large White females were mated to either a Synthetic or Duroc sire line and pigs were farrowed
at a commercial sow farm. In total, 90 boars were selected and used for breeding. Boars were
selected based on extreme breeding values (BV) for mortality under challenge, derived using the
previous PRRS challenge trial as the training population. Further, pooled semen doses, consisting
of two boars per pool, were used to avoid confounding of dam by sire.

Pigs were placed in a commercial research facility at weaning and tissue was collected for
genotyping. Five days post placement, each pig was vaccinated for PRRS using a commercial
modified live virus vaccine. Four weeks later, each pig was experimentally inoculated with 2 x
10%° TCID50 of PRRSV 1-7-4 (0 days post-infection [dpi]) and followed until marketing. Multiple
secondary pathogens were detected post-challenge, including porcine circovirus, Escherichia coli,
and Lawsonia intracellularis. Data was recorded at the individual level, including body weights at
multiple timepoints to calculate average daily gain (ADG) from challenge to 21 dpi
(ADG 0 to 21), 21 dpi to market (ADG 21 to market), and O dpi to market
(ADG_0 to market). Mortality events and dates were recorded throughout the trial.

Genotypes across 25K single nucleotide polymorphisms were available for all 1,971 individuals
and used to construct a genomic relationship matrix to facilitate genetic parameter estimation using
an animal model with ASReml 4.0. Heritability was estimated for each ADG trait using a linear
model and mortality traits were analyzed using a LOGIT model.

Consistent with results obtained for the previous trial, results from this study showed that ADG
under challenge was moderately heritable at 0.22 (0.04), 0.16 (0.04), and 0.17 (0.04) for
ADG 0 to 21, ADG 21 to market, and ADG 0 to market, respectively. Heritability of
mortality, using records collected between 0 and 28 dpi, was estimated at 0.26 (0.09) (genetic
variance = 1.32) for this study, compared to 0.09 (0.09) (genetic variance = 0.33) for the previous
study.

In conclusion, results from this study validate the existence of substantial, naturally occurring
genetic variation in host response to a multifactorial PRRS challenge, as detected in the previous
trial. Further, with attention to the number and type of sires selected for breeding, including sires
with extreme BV for mortality under challenge, it is possible to reveal even more genetic variation
in mortality following PRRS challenge than previously realized.
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PRRSY infection of alveolar macrophages promotes inflammation and inhibits apoptosis
K. Durazo'*, J. Chaudhari?, T. Vu’, C. Zhang?, S. Thibivilliers*, M. Libault*, and H. Vu!

"Dept of Animal Science and Nebraska Center for Virology, University of Nebraska-Lincoln,
Lincoln, NE, 2School of Vet. Science and Nebraska Center for Virology, University of Nebraska-
Lincoln, Lincoln, NE, 3School of Biological Sciences, Center for Plant Science Innovation,
University of Nebraska-Lincoln, Lincoln, NE, “Department of Agronomy and Horticulture, Center
for Plant Science Innovation, University of Nebraska-Lincoln, Lincoln, NE, USA ’Department of
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Porcine reproductive and respiratory syndrome (PRRSV) is a devastating pathogen for the pig
industry worldwide. PRRSV mainly infects porcine alveolar macrophage (PAM), and during the
acute phase of infection no more than 2% of PAMs are infected with the virus. Therefore,
conventional, bulk RNA-sequencing approach does not accurately reflect host transcriptional
responses directly caused by virus infection. In the present study, single-cell RNA sequencing
(scRNA-seq) was employed to characterize the host transcriptome responses of PAMs infected
with a virulent PRRSV strain in vivo and ex vivo. For the ex vivo study, PAMs collected from
healthy pigs were infected with the FL12-GFP and samples were collected at 0-, 6- and 12- hours
post-infection for scRNA-seq. For the in vivo study, weaned pigs were infected with the PRRSV
strain expressing green fluorescent protein (FL12-GPF) and PAMs were collected at 4- and 7- days
post infection for scRNA-seq. Pro-inflammatory genes including interleukin 1A (IL-1A),
chemokines 8 and 10 (CXCL8 and CXCL10), tumor necrosis factor (TNF), and interferon
regulatory factor 1 (IRF1) were upregulated in cells directly infected with the virus (expressing
the virus ORF7 transcript). Furthermore, anti-apoptotic genes, such as NF-KB inhibitors
(NFKBIZ, NFKBIA, TNFAIP3), were also highly upregulated in the infected cells. Collectively
the results demonstrate that PRRSV can modulate apoptosis and inflammatory signaling pathways.
This study provides additional insights on the host responses to PRRSV infection.

Page | 52 2022 NAPRRS/NC229 ICSVD D



Next Generation Sequencing (NGS) for Comprehensive Genetic, Phylogenetic and Variant
Analysis of Betaarterivirus suid 2 (PRRSV-2) in an Integrated US Swine Producer

B. Feehan!?, D. Marthaler!, Q. Ran', S. Chaudhary', W. A. Valdivia-Granda®, J. A. Richt!, and
R. Pogranichniy!+

"Department of Diagnostic Medicine/Pathobiology, “Veterinary Diagnostic Laboratory, College
of Veterinary Medicine, Kansas State University, Manhattan, KS, USA, 2Division of Biology,
Kansas State University, Manhattan, KS 66502, *Orion Integrated Biosciences, Inc

Viral metagenomics was applied to investigate the genetic and geographic distribution of
Betaarterivirus suid 2 (PRRSV-2), the causative agent of porcine reproductive and respiratory
syndrome (PRRS). Historically, PRRSV-2 identification has occurred via detection of the
glycoprotein 5 (GP5), although the remaining PRSSV-2 genes likely also contain genetic diversity
which previous studies have not investigated. NGS allows a comprehensive genetic understanding
of the swine virome in symptomatic and asymptomatic animals, including PRRSV-2 infections,
while also providing the opportunity to assemble the complete genome of PRRSV-2 and other
viruses of interest. Through NGS, scientists can study disease patterns, such as disease severity
and geographic associations, of PRRSV-2 variants. In this study, 91 serum samples were collected
from US swine herds across three states: Oklahoma, Kansas, and Texas. Samples underwent
processing, extraction and PRRSV-2 qRT-PCR where only samples with a Ct value < 26
progressed into library preparation and Illumina NextSeq sequencing. Kraken was utilized to
assign viral taxonomy to sequencing reads. While NGS has aided in other PRRSV-2 studies, the
present study determined that current PRRSV-2 analytic NGS methods seem insufficient in
successfully identifying PRRSV-2 reads and assembling PRRSV-2 in qRT-PCR positive samples.
Interestingly, PRRSV-2 was nearly always (89%) identified as a viral coinfection, indicating that
PRRSV-2 appeared to cause viral co-infections with other swine pathogens. PRRSV-2 was found
most often associated with a porcine endogenous retrovirus (57%) and a suspected novel porcine
lentivirus (27%). While the PRRSV-2 glycoprotein 5 (GP5) has been used historically for
phylogenetic analysis, five of the ten analyzed PRRSV-2 genes showed increased nucleotide
diversity when compared to the GPS5. This diversity outside of GP5 indicated that other PRRSV-2
genes could be suitable candidates to demonstrate PRRSV-2 diversity, which could be useful
information for epidemiological analyses. Interestingly, both the whole genome- and GP5-based
phylogenetic trees lacked clustering patterns relative to temporal or geographical distribution. The
use of a PRSSV-2 gene exhibiting more diversity than GP5 for detailed genetic analysis could
allow temporal and geographical patterns which are currently lacking when using GP5. While
NGS can provide insights into the PRRSV-2 genome, this study indicates that different screening
methods and bioinformatic approaches should be evaluated for assembling complete PRRSV-2
genomes. Future studies should evaluate PRRVS-2 genes s beyond GPS5, as variation found in
different genomic regions likely influence PRRSV disease presentation and transmission of
PRRSV through swine herds. In surveying genetic diversity outside GP5, scientists and swine
farmers will have an enhanced ability to monitor PRRSV-2 distribution and target genetic variants
of concern. It will also be crucial in future studies to determine implications of different viral co-
infections for PRRSV-2 disease.
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The P1 region is a major determinant of pathogenicity and virulence of Senecavirus A
infection

M.H.V. Fernandes', L.C. Caserta', P.S.B. Oliveira'; D.G. Diel'*

"Department of Population Medicine and Diagnostic Sciences, College of Veterinary Medicine,
Cornell University, Ithaca, NY, USA.

Senecavirus A (SVA) is an emerging picornavirus that causes vesicular disease (VD) in pigs that
is clinically indistinguishable from high-consequence foreign animal diseases (FAD), including
foot-and-mouth disease. By comparing the pathogenicity of a historical and a contemporary SVA
strains (SVV-001 and SD15-26, respectively), our group showed that these two viral strains
present significant differences in virulence and pathogenicity in pigs. Notably, while pigs
inoculated with the SVA SD15-26 strain presented characteristic clinical signs and lesions of SVA,
none of the animals inoculated with the SVV-001 strain developed VD. SVV-001-inoculated pigs
also presented lower viremia and significantly lower levels of virus shedding. Based on these
observations, we hypothesized that the genetic differences between these two strains may account
for their distinct virulence phenotype and pathogenicity in pigs. To address this hypothesis, we
used a virulent rfSVA SD15-26 infectious clone to construct recombinant chimeric viruses
containing genome swaps of the 5’UTR, P1, P2, P3 and the 3’'UTR genomic regions from the
nonpathogenic SVA strain SVV-001. Resultant chimeric viruses (rSVASP!5-26/SVV001-5"UTR,
rSVASPI5-26/SVV001-P1, rSVASPI>-26/SVV001-P2, and rSVASP>-26/SVV001-P3; and rSVASP!S-
26/SVV001-3’UTR) were sequenced to confirm the identity and integrity of genome sequences.
To evaluate the potential role of such genomic regions on SVA pathogenicity and infection
dynamics, 35 fifteen-week-old SVA negative finishing pigs were randomly allocated into seven
experimental groups (n = 5/group) and inoculated upon arrival with a virus suspension containing
108 TCIDso via the oronasal route. Most inoculated groups presented characteristics SVA clinical
signs and lesions, except for rSVASP!>26/SVV(001-Pl-inoculated group which remained
subclinical with no apparent clinical signs nor lesions. Remarkably, from day 5 to 14 pi, rSVASP!>-
26/SVV001-Pl-inoculated group presented significant lower amounts of virus shedding in nasal
secretions as determined by r-RT-PCR. The levels of virus shedding in oral secretions and feces
were significantly reduced in this group on days 1, 10 and 14 pi. Viral load and tissue distribution
of the chimeric viruses were similar to the parental rfSVA SD15-26 virus. Interestingly, in both
groups, 1 of 5 pigs did not present SVA RNA in the tonsil, an important organ associated with
primary replication and persistence of SVA. The serological responses to both wt SVA strains,
SVV 001 and SD15-26, were evaluated by virus neutralization assay (VN). All inoculated animals
seroconverted and developed neutralizing antibodies (NA) starting on day 5 pi. rfSVASP!>
26/SVV001-Pl-inoculated group presented reduced levels of NA compared to rfSVA SD15-26-
inoculated group. To confirm the results obtained in this study, we constructed two revertant
viruses in which the parental SVA SD15-26 sequences of P1 and P2 were re-introduced into the
backbone of the corresponding chimeric viruses. A pathogenesis study was performed with three
experimental groups (rSVA SD15-26, RvSVASPIS-26SVV00I-PI/S1315.26-P1 and RvSVASP!3-
26/SVV001-P2/S)15-26-P2), in which all groups presented characteristic clinical signs and lesions,
comparable to wild type SVA SD15-26. Together these results demonstrate that the P1 region of
SVA SD15-26 is a major determinant of the virus virulence and pathogenicity.
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PRRSV-1 strain with increased pathogenicity isolated from a severe outbreak in England

J.P. Frossard'*, S. Clive!, Y. Sadigh?, T. Floyd, F. Lean?, L Pittalis*, A. Nufiez’, S. Graham?, S.
Williamson*.
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A severe outbreak of disease due to porcine reproductive and respiratory syndrome virus (PRRSV)
was diagnosed in a breeding herd in East Anglia in June 2019. Initial suspicion of swine fevers
was ruled out by official investigation and testing, and disease due to PRRSV-1 was diagnosed.
The virus strain, 21301-19, was isolated, characterised by full genome sequencing and used in
experimental infection of young piglets, resulting in more prominent lung lesions compared to a
well characterised endemic PRRSV-1 strain from England.

Laboratory diagnoses (PCR and IHC) were carried out to characterize the potential pathogen(s)
involved in the disease outbreak. Virus isolation was carried out on serum from an affected sow,
using primary porcine alveolar macrophages. Culture supernatant was used to generate the full
genome sequence of the virus strain, which was analysed and compared to corresponding
sequences of other PRRSV-1 strains from England. Nine 16-week-old Piglets were challenged
experimentally with 5.9x10° TCIDs of virus isolate intranasally, and sampled at regular intervals
up to day 21, as well as having tissues collected at post-mortem on days 7 and 21 post infection.
The data were compared to those from an equivalent study using another PRRSV-1 strain from
England (215-06).

A pig breeding herd in England described widespread lethargy and inappetence in recently
farrowed sows, with eight dying from a group of 90, and high mortality of piglets in the litters born
to this group. Following negation of African and Classical swine fevers by testing, PRRSV antigen
was detected in association with lesions in the spleen and lung of the affected sow by
immunohistochemistry. A PRRSV-1 strain was isolated from the serum of the sow, and its full
genome sequence obtained. The genome sequence was 88.4% similar to the published Lelystad
virus sequence, and clustered with other British PRRSV-1 strain sequences in phylogenetic
analyses. Experimental intranasal infection of piglets with the virus isolate resulted in viremia and
shedding in nasal swabs, with similar virus loads as for strain 215-06. Higher virus loads were
seen at 7 dpi in lung lavage with strain 21301-19, while they were similar for both viruses at 21
dpi. Gross lung pathology scores at 7 dpi and 21 dpi were significantly higher with strain 21301-
19 than 215-06. Clinical scores and temperature profiles were unremarkable for both strains.

Virus strain 21301-19 was found to be a subtype 1 strain of PRRSV-1 which is likely to have
evolved from previously circulating strains in England. Experimental infection of piglets, while
not reproducing the severity of disease seen in the field, did result in higher lung lesion scores than
another subtype 1 PRRSV-1 strain from England, indicating a higher pathogenic potential. Further
studies comparing this virus strain to other higher pathogenicity isolates of PRRSV-1 for which
experimental infection data is available are required to characterize the potential determinants of
virulence.
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Effect of Killed PRRSV Vaccine on Gut Microbiota Diversity in Pigs
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Porcine reproductive and respiratory syndrome virus (PRRSV) is one of the most economically
important pathogens affecting the global swine industry. Vaccination is still a main strategy for
PRRSYV control; however, host factors associated with vaccine efficacy remain poorly understood.
Growing evidence suggests that mucosal microbe may influence host responses to vaccination. In
this study, we investigated the effects of a killed virus vaccine on the gut microbiome diversity in
pigs. Fecal microbial communities were longitudinally assessed in three groups of pigs
(vaccinated/challenged with PRRSV, unvaccinated/challenged with PRRSV, and
unvaccinated/unchallenged) before and after vaccination and after viral challenge. We observed
significant interaction effects between viral challenge and vaccination on both taxonomic richness
and community diversity of the gut microbiota. While some specific taxonomic alterations appear
to be enhanced in vaccinated/challenged pigs, others appeared to be more consistent with the levels
in control animals (unvaccinated/unchallenged), indicating that vaccination in-completely protects
against viral impacts on the microbiome. The abundances of several microbial taxa were further
determined to be correlated with the level of viral load and the amount of PRRSV reactive CD4+
and CD8+ T-cells. This study highlights the potential roles of gut microbiota in the response of
pigs to vaccination, which may pave the road for the development of novel strategies to enhance
vaccine efficacy.

Page | 56 2022 NAPRRS/NC229 ICSVD [ ]



Next generation of swine diagnostic laboratory platforms
LG Giménez-Lirola
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The ability of emerging and re-emerging pathogen agents to establish new niches or undergo
genetic mutations led to the appearance of new diseases that pose several challenges to
diagnosis, treatment, and surveillance. The identification of an emerging pathogen by
conventional methods can be particularly difficult and time-consuming due to the novel nature of
the agent, requiring different techniques for direct (e.g., isolation, PCR, histopathology) or
indirect (antibody-based) detection of the pathogen. The ongoing challenge to the field of
diagnostics is to assess current needs and apply contemporary knowledge to facilitate infectious
agents’ detection, identification, and characterization of both endemic and emerging pathogens.
Looking back at past outbreaks we realize that the identification and characterization of a new
infectious agent could take years or even decades. Such time frames have been decreased to
weeks or months through the development of powerful molecular and immunological techniques.
For example, when porcine epidemic diarrhea virus emerged in the U.S. in 2013, researchers
across University’s Veterinary Diagnostic Laboratories (VDLs) led the development of
molecular and immunological techniques from scratch. Unlike large diagnostic corporations,
VDLs are now seen as hubs of technological innovation and much more geared to face the
challenge of translating an evolving idea into technology development towards the rapid
response to emerging diseases. Indeed, the swine diagnostic technology landscape has
dramatically evolved in recent years looking for more analytically sensitive, rapid and simple,
yet high-throughput screening methods. The objective of this presentation is to review the basis
of the next generation of diagnostic platforms currently available or on development. Particular
emphasis will be put on the detection of anti-viral immune responses in pigs, providing specific
examples of their real application on important viral infections of swine. Among others, we will
discuss different microsphere-based liquid suspension (flow-based Luminex, and proximity-
based AlphaLISA) and planar (multiplex dot-blot ELISA) arrays, which allow for multiplexing,
higher dynamic range and analytical sensitivity, and/or reduction in assay steps. Moreover, the
potential of the imaging and flow cytometry—based systems to visualize and measure cells,
quantify reactions, and capture and store data or images will be also discussed.
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Changes in thyroid hormone levels following porcine circovirus-2, Mycoplasma,
Salmonella or Brachyspira inoculation
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We have previously shown that PRRSV-2 infection in any stage results in a profound decrease in
thyroid hormone (TH), triiodothyronine (T3) and thyroxin (T4) levels, in circulation that is
transient but associated with lower ADG in post-natal animals. Our objective was to determine if
T3 or T4 are similarly deceased in pigs infected with other common swine pathogens.

Archived serum samples from a variety of single pathogen challenge studies were obtained from
researchers in Canada and the USA (Table 1). Following shipment to University of Saskatchewan,
TH levels were quantified by radioimmunoassay (RIA; MP Biomedical). Non-parametric tests
were used to evaluate changes in T3 and T4 levels over time and between infected/non-infected
groups. In datasets with repeated measures, overall difference by day were first verified using the
Friedman’s test before assessing pairwise differences by day.

Table 1. Summary of experimental sera obtained for assessment of T3 and T4 levels by RIA

Institution (researcher) Disease No. Groups/pigs Time points
samples (DPI)

University Nebraska | PVC2 21 12 high ADG, 9 low ADG 0, 7, 14, 21,

Lincoln (Ciobanu) 28

Iowa State University | Mycoplasma 351 171 inoculated, 153 in- | Wkly (-3 to

(ISU) (MHP-Arruda, | hyopneumoniae (MHP) contact, 27 ctrl 59)

Clavijo, Poeta; Salm- | Salmonella  (various | 143 20 Derby, 20 Typhimurium, 20 | -13, plus 2, 4

Kreuder, Naberhaus) enterica subspecies) serovar 4,[5]12:i.-, 12 ctrl or 28

Prairie Swine Center (PSC) | Salmonella  enterica | 190 32 Typhimurium, 31 ctrl -1,4,7

(Columbus, Rodrigues) Typhimurium

University of | Brachyspira colitis | 129 45 B. hyodysenteriae, 60 B. | 0 and term

Saskatchewan (Harding) (multiple trials) hampsonii (<d28)

Legend: ctrl=control, ADG=average daily gain, wkly=weekly, DPI=days post inoculation

PCV2: T3 and T4 were decreased in low ADG pigs at 21 and 28 DPI. T3 was lower at 14 DPI.
MHP: T4 was lower in inoculated vs. ctrl at 14 and 49 DPI; T3 and T4 were higher at 7 DPI. Salm
(ISU): T3 was lower in S. Typhimurium and serovar 4,[5]12:1.- inoculated pigs vs. ctrl and S.
Derby at 2 DPI. There was no evidence of T3 or T4 suppression in pigs challenged with B.
hyodysenteriae or B. hampsonii or S. Typhimurium by the PSC.

There is weak evidence of TH suppression following infection by MHP and some Salmonella
subspecies but it is inconsistent by day and experiment. TH suppression following PCV2 infection

1s more definitive and associated with lower ADG.

We thank the researchers for their generous donation of archived sera.
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Thyroid hormone supplementation following PRRSV-2 and PRRSV-MHP infection
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