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The 2009 International PRRS Symposium is
Dedicatedto the Memory of

Dr. Monte Bruce McCaw
January 22, 1956- March 28, 2009

Dr. Monte Bruce McCaw was born January 22nd, 1956, in Cedar Rapids, lowa. The son of Gene
and Ramona McCaw, he was raised on an lowa livestock farm near Clarence, lowa and avent on t
lowa State University College of Veterinary Medicine where he received his D.V.M. degree in
1980. He was a large animal private practice veterinarian in lowa for four years. Then he went on
to continue his training at the University of Minnesota Colleigeeterinary Medicineand was

advised by Han Soo JoAfter receiving his Ph.D. in swine virology from the University of
Minnesota, he accepted the position of assistant professor in swine medicine at NC State
University College of Veterinary Medicine 983. Dr. McCaw became an associate professor of
swine medicine in 1995, a position in which he served until hisdeath. 2 0 0 1 , Dr. McCa
efforts for extension were recognized with the Outstanding Extension Service Award and
induction into theNC StateUniversity Academy of Outstanding Faculty Engaged in Extension.

Throughout his career Monte had a great influence on everyone with whom he interacted by
providing insight and support in both professiomadl personal aspects of lifdonte was an
excellentveterinarian, research collaborator, and friend. His dedication to the improvement of the
swine industry through research and teaching wabyell who worked with himWatching Monte
interact with students during poster sessions demonstrated thastewutstanding mentor,

providing the necessary tools and encouragement for thpardae and reach their godie was a
valued colleague whose knowledge was sought by scientists at all levels of accomplishment
studens, colleagus seekingdvice on wine disease issagor societiedo donate his time to lead

viral controlprograns. Monte's exceptional level of care and compassion, along with his insight and
knowledge allowed him to have a tremendous impact on many others.

Dr. McCaw served as the dhaf the American Association of Swine VeterinarigdASV) PRRS
SubCommittee from 2003 until 2008, and represeMédStatefor NC-229 and the PRRS CAP
programs. He was instrumental in moving the profession forward in efforts to better understand
PRRS n order to control and prevent this devastating disease. His commitment to the swine industry
was made evident through his leadership in research, education and extension. Work started by
Monte, highlighted by the f MclhgWra s$peadinthegr am h
farrowing house, continues todaye was the moving force behind the development of a survey to
measure producer attitudes towards PRRS. The data gathered through this survey will be very useful
as plans for eradication of PRRS deyeloped.

Monte was considered a leader in his scholarly area of infectious disease of breeding swine
particularly swine virology and immunologgnd was a committed and talented teadBielleagues
valuedhis wisdom and his friendshiple always hadite to speak with individuals, whether they

were scouts, veterinary students or scientific colleagues. His wonderful smile and attention to each
new person will be greatly missed. Our thoughts and prayers are with his family, his wife Teresa and
his threesons, Derek, Travis and Tylandstep childrenChristine, Thomas and Robert
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David A. Benfield Studnt Travel Fellowship

David A. Benfield received his BS and MS degrees from Purdue University and a PhD from the
University of MissourColumbia. He had distinguished career for 22 years in research related

to virus diseases of food animals. In 1990, he was tlikics cover er of the caus
swine disease0O or porci nemeveuys (PBRSY)c Hehase and r e
remaineda role malel and mentor to many of those who are currently in the PRRS field. He is a
member of the American Society for Virology, American Association of Veterinary Laboratory
Diagnosticians, and Honorary Diplomat of the College of Veterinary Microbiologists,iéaner
Association of Swine Veterinarians and the American Association for the Advancement of

Science. Currently, he is the Associate Director of the Ohio Agricultural Research and

Development Center, The Ohio State University and a Professor in the Fooal Alealth

Research Program in the College of Veterinary Medicine. It is his generous donation that

initiated this fellowship program.

2009 Travel Fellowship Recipients

Uladzimir Karniychuk
Department of Virology, Parasitology and Immunology, FacottVeterinary Medicine,
Ghent University, Belgium

Jun Li
School of Biological Sciences, University of Hong Kong, Hong Kong SAR, China

Changlong Liu
Department of Swine Infectious Diseases, Shanghai Veterinary Research Institute,
Chinese Academy of Agrultural Sciences, Shanghai, China

Erika Silva-Campa
Laboratorio de Inmunologia, Centro de Investigacién en Alimentacién y Desarrollo, A.C.
Hermosillo, Sonora, México

Feifei Tan
Department of Swine Infectious Diseases, Shanghai Veterinary Researchenstit
Chinese Aademy of Agricultural ScienceShanghai, China

Judith Wagner
Reinhold Institute of Molecular Pathogenesis, Friedtiokffler-Institut, Jena, Germany

Lianghai Wang
College of Biological Science, China Agricultural University, Beijing,r@hi
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Friday, December %

14:0017:30 PRRS Symposium Registratior(7" floor lobby

registration desk)

Pre-Symposium Meetings
Grand Ballroom, Salon I {7floor)

13:3014:30NC-229 Business meetingoan Lunney, Chair

13:30

13:35

13:40

14:15

14:25

Introduction- Joan Lunney, Chair
Nominations of new officers and voting by station reps

Discussion of progress and plans by Objective, led by the respective
ObjectiveCoordinators

Reports from each Objective team

Closing
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Friday, Decenber 4"

USDA NIFA PRRS CAP Workshop
Grand Ballroom, Salon I {7floor)

Europe United Statesand ChinaPerspectives on PRRS Research

Sponsored by the USDA NIFA PRRS CAP
Raymond (Bob) Rowland, Director
(browland@vet.kstate.edu)

14:30 Welcome- Bob Rowland

14:30 PoRRSCon, a European consortium that aims to develop new generation marker
vaccines and differential ELISAs in order to be able to control PRRS under
European circumstances

Hans NauwynciCoordinator, Labatory of Virology, Faculty of Veterinary Medicine,
Ghent University, Salisburylaan, Merelbeke, Belgium.

14:45 National Pork Board PRRS Virus Control.

Lisa BectonDirector of Swine Health Research and Information, National Pork Board
Des Moines, lowa

15:00 Studies on highly pathogenic PRRSV in China
ShishanYuanDepartment of Swine Infectious Diseases, Shanghai Veterinary Research
Institute, The Chinese Academy of Agricultural Sciences, Shanghai, China.

15:15 PRRS Research, the perspective froi@hina.

Hanchun YangCollege of Veterinary Medicine, China Agricultural University, Beijing,
China

15:30 PRRS Coordinated Agricultural Project (CAP): Control and elimination of PRRSV.
Raymond (Bob) Rowlan®irector, Departmenf Diagnostic Medicine/Pathobiology,
College of Veterinary Medicine, Kansas State University, Manhattan, Kansas.

15:45 Panel


https://webadmin.pork.org/PrrsSymposium/Attendees/RegistrationEdit.aspx?RegistrationID=1148
https://webadmin.pork.org/PrrsSymposium/Attendees/RegistrationEdit.aspx?RegistrationID=1148
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2009 International PRRS Symposium
Molecular, Immunological, Genetic and
Epidemiological Approaches for PRRSV Cuwal

The 2009 International PRRS Symposium Program has been approved for 12
hours of continuing education credit in jurisdictions which recognize AAVSB
RACE approval for veterinarians and veterinary technicians. Confirmation
forms will be available at thePRRS Symposium Registration Desk; signed
forms must be submittedat the registration deskbefore the end of the
Symposium.

Keynote presentation§0/50 minute total with a 50/40 minute oral presentation and a 10
minute interactive discussion.

Oral presatations:20 minutes total with a 15 minute oral presentation and 5 minutes
interactive discussion

Friday, December 4th

Opening Session
Co-Chairs: Joan Lunney and Lisa Becton
Grand Ballroom, Salon IlI {7floor)

16:00 Welcome Joan Lunney, Chair 2009 Intl PRRS Symposium
16:10 Keynote Presentation #1.:
Swine Influenza and the Need for Ration&lgsigned Vaccines.
Jurgen A. Richt, Kansas State Universjtilanhattan, KS

17:1519:00 Reception andcash bar

17:1519:00 POSther Session foddnumbered poster&rand Ballroom, Salon
11, 7" floor)



http://www.prrssymposium.org/TopMenu/ScheduleOfActivities.aspx
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Saturday, December 5th

8:00

8:20

8:40

9:00

9:20-10:40

9:20-10:40

Session I: Virus-Host Interaction and Pathogenesis

Co-Chairs: Michael Murtaugh and Hanchun Yang

An infection model for the study of PRRS at the population level.
Bob Rowland. Kansas State University, Manhattan, KS

PRRSV NSP 113 inhibits host type | IFN response by antagonizing IRF3
activation.
Lalit Beura. University of Nebraska, Lincoln, NE

Porcine reproductive and respiratory syndromeis (PRRSV) nonstructural
protein 1 (nspl) functions as an inteldarantagonist.
Ying Fang. South Dakot&tate University, Brookings, SD

Inhibition of type | interferon signaling by Nsp11 of PRRSV.
Dongwan Yoa University of lllinois at Urban&hampaign, Urbana, IL

Coffee break

Poster session Zvennumbered posters; Grand Ballroom, Salon
111, 7" floor)

Session II: Molecular Biology: Structural and Functional Relationship

10:40

11:00

11:20

11:40

Co-Chairs: Luis Enjuanes and Asit Pattnaik

The role of Nglycosylation of nmor envelope glycoproteins of PRRSV on
infectious virus production and interaction with the receptor CD163.
Phani Das.University of Nebraskd.incoln, NE

Viral N-acetylglucosamine Facilitates Porcine Reproductive and Respiratory
Syndrome Virus Infection of Permissive Cells.
J. Li. University of Minnesota, St. Paul, MN

The structural proteins of the Chinese highly pathogenic porcine reproductive
and respiratory syndrome virus do not contribute to itslemuae.
Hanchun Yang.China Agricultural University, BeijingChina

Cis-Acting Elements in the 3' terminus of the genome of Porcine Reproductive
and Respiratory Syndrome Virus are required for viral RNA synthesis.
Shishan Yuan. Chinese Academy of Agricultural Sciences, Shandblaina



http://www.prrssymposium.org/TopMenu/ScheduleOfActivities.aspx
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12:00

Lunch buffet

Session lll: Epidemiology, Heterogeneity and Evolution

13:00

13:50

14:10

14:30

14:50

15:1015:40

Co-Chairs: Montserrat Torremorell, and Derald Holtkamp

Keynote Presentation #2

Genetic diversitpf PRRSV global emergence and evolution

Tomasz StadejekNational Veterinary Research Institute, OIE Reference
Laboratory for PRRS, Poland

A Phylogenybased Demographical and Geographical Dissection of North
American Type Porcine Reductive and Respiratory Syndrome Viruses.
Mang Shi. The Universityof Hong Kong, Hong Kong, China

Use of a production region model to evaluate aerosol transmission and
biosecurity of PRRSV arMycoplasma hyopneumoniaResults from a-§ear
study.

Scott Dee University of Minnesota, St Paul, MN

Infectious dose (ID50) of PRRSV Isolate {484 for Young Pigs via Aerosol
Exposure.
T.D. Cutler. lowa State University, AmesAl

PRRS Regional Eradication in Minnesot
Cesar Corza University of Minnesota, St Paul, MN

Break (refreshments in the poster area)

15:40

16:00

16:20

Session IV: Vaccine and Immunity
Co-Chairs: Federico Zuckermann and Eric Nelson

Steps towards development of a novel mucosal v@tciRRRSV.
Varun Dwivedi. Ohio State Universitywooster, OH

Proficient isolation and titration of field PRRS virus from clinical samples using a
porcine alveolar macrophage cell line.
Federico Zuckermann University of lllinois at Urbana&Champaign

Pathogenesis and antigenic characterization of a new East European subtype 3

porcine reproductive and respiratory syndrome virus strain.
Uladzimir U. Karniychuk . GhentUniversity, Merelbeke, Belgium
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16:40 Modified live PRRS virus vaccination as a key component in nursery pig
performance improvement.
G. Spronk. Pipestone Veterinary Clinic, Pipestone, MN

17:00 Adjourn @ closing remarks, X.J. Meng, Scientific Program Chair
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Chicago Marriott Downtown Magnificent Mile
540 North Michigan Ave, Chicago

Note: New Location - 7th Floor Meeting Rooms
Grand Ballroom, Salon Il

Marriott 7th Floor '_E
] .
SALON | 'H" ﬁg ;: !
............................. — =
|' L/
|
. — IPRRSS
VAL ggeas
: \ '\ b § A
............................. \r EE g;g]@
IPRRSS :E\\\\ a;i gg
'\l
. il \\\’;sé 14
WA g8
o 4948539
B 7 VW

WOOAINE PULIs)

12



2009 International PRRS Symposium

ABSTRACTS

2009 IPRRSS Keynote Speakers

Abstract No.

1- Swine Influenza and the Need for Rationally Designed Vaccines
Jurgen A. Richt,DVM, PhD. Dept. Diagnostic Medicine and Pathobiology, Kansas State Univ.,
Manhattan, KS.

2- Origin, evolution and diversificagn of PRRSV
Tomasz StadejékMichael P. Murtaugh National Veterinary Research Institute, OIE Reference
Laboratory for CSF and PRRS, Pulawy, Polafiiepartment of Veterinary and Biomedical Sciences,
University of Minnesota, St. Paul, MN

PRRS CAP Workshop Speakers

Abstract No.

3-PRRS Coordinated Agricultural Project (CAP): Control and elimination of PRRSV.
R.R.R. RowlandDept. Diagnostic Medicine and Pathobiology, Kansas State Univ., Manhattan, KS.

4-National Pork Board PRRS Virus Control.
L. Becton Director of Swine Health Research and Information, National Pork Board, Des Moines, |IA.

5- PORRSCon, a European consortium that aims to develop new generation marker vaccines and

differential ELISAs in order to be able to contRRRRS under European circumstances
H. Nauwynck,L. Enjuanes, E. Mateu, ela, E Giuffra, N Ruggli, L Larssen, TStadejek, TAitali,
T.Drew, A Rebel, Syuan, NVan Long, GBehrensLaboratory of Virolgy, Faculty of Veterinary
Medicine,Ghent University, Salisburylaaierelbeke, Belgium.

POSTER ABSTRACTS

Virus-Host Interaction and Pathogenesis

Abstract/Poster No.

6- PRRSV receptor gene CD163 is associated with antibody of PRRESFRAN
Q. Tong, X.DLiu, L.G.Yang, YYu, C.Wang, J.JWu, S.HZhao andS.J. Zhang Key Lab of Agricultural
Animal Genetics, Breeding and Reproduction of Ministry of Education, Huazhong Agricultural University,
Wuhan, China.

7- Pulmonary dysfuncties in pigs experimentally infected with PRRSV

J. Wagner*, A. Kneucker, M. Glaser, P. Reinhold. Institute of Molecular Pathogenesis, Friedeffler
Institut, Jena, Germany
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8- Establishment of a porcine alveolar macrophage cell line stably exyjgessicine CD163
permissive for PRRSV replication.

Y. Lee, E. Nam, and C. Lee. Department of Microbiology, Kyungpook National University, Daegu, South
Korea.

9- Modulation of type | interferon production and evasion strategies of PRRSV from the host
defense.
D. Yoo*, O. Kint, C. Son§ Y. Suh Y. D4, and H.C. Lid. 'Dept. of Pathobiology, University dflinois

at UrbanaChampaign, Urbana, It?2Dept. of Animal Science, kb Carolina State UniversityRaleigh,
NC.

10- Analysis of 39 porcingype | interferons: expression and activity against PRRSV.
Y. San{, R.R.R. Rowlan F. Blecha. Departments ofAnatomy and Physiology, afBiagnostic
Medicine and Pathobiology, College of Veterinary Medicine, Kansas State University, Manhattan, KS

11- Using mathematical models to gain insight into host pathogen interactions during PRRSV
infection.
A.B. DoeschWilsort*, Lucina GalinaPantoj&. ‘Sustainable Livestock Systems, Scottish Agricultural
College, Edinburgh, UK? Pig Improvement Copany, Hendersonville, TN, USA. Now at Pfizer Animal
Health, US Swine Veterinary Services.

12- PRRS Host Genetics Consortium: Current Progress.
J.K. Lunney*, J.P. SteibélJ. Reecy, M. Rothschild, M. Kerrigarf, B. Tribl¢', R.R.R. Rowlan8'USDA,
ARS, BARC, APDL, Beltsville, M[3Depts. Animal Science, and Fisheries and Wildlife, Michigan State
Univ., East Lansing, MI¥Dept. Animal Science, lowa State Univ., Ames;D&pt Diagnostic Medicine
and Pathobiology, Kansas State Univ., Manhattan, KS.

13- Characterization of PCV2 growth in R1BL cells.

Sumathy Puvanendiran and Michael P. Murtaugh. Department of Veterinary and Biomedical Sciences,
University of Minnesota, St. Paul, MN.

14- Results of a program of live virus vaccine and avian speuaificunoglobulins against
PRRSv to stabilize a farm and improve productive parameters.

JD Herrera’, E. Lucid, W. Gonzaléz J. Chapa, C. PéreZ A. Castilld, IM Doporto? * Investigacion
Aplicada S.A. de C.V, Tehuacan, Mexitmdependent adviser

17- An infection model for the study of PRRS at the population level.
R.R. R. Rowland1*, M. KerriganS. Bujurd, B. Triblé", J.K. Lunne$, ‘Dept Diagnostic Medicine and
Pathobiology, Kansas State Univ., Manhattan, KESDA, ARS, BARC, APDL, Baitlle, MD.

18- Quantitative changes of sialoadhesin and CD163 positive macrophages in the implantation
sites and organs of porcine embryos/fetuses during gestation.

Uladzimir U. Karniychuk* and Hans J. Nauwynck. Laboratory of Virology, Departmeritab¥y,
Parasitology and Immunology, Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium.

19 The M/GP5 glycoprotein complex of porcine reproductive and respiratory syndrome virus
binds the sialoadhesin receptor in a sialic @@denént manner.
Wander Van Breedath Hanne Van Gorp Jiquan Q. Zharfg Paul R. Crocket Peter L. Delputteand
Hans J. Nauwynck'Laboratory of Virology, Department Virology, Parasitology and Immunology,
Faculty of Veterinary Medicine, Ghent Universiiferelbeke, BelgiuniDivision of Cell Biology and
Immunology, Wellcome Trust Biocentre, University ohBee, Dundee, Scotland, UK.
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20- PRRSV replication suppresses type | interferon signaling
D. Patel and Y. Zhang. Department of Veterinary Medidi@versity of Maryland, College Park, MD.

21- Porcine reproductive and respiratory syndrome virus (RRR8nstructural protein 1 (n&p
functions as an interferon antagonist.
Z. Chen, X. Zhod, Z. Sufy, S. Lawsoh E.A. Nelsoh J. ChristopheiHenrings', Y. Fang 2 'Dept. of
Vet. ScienceéDept. of Biology/Microbiology, SDSU, Brookings, SD.

22- Analysis of mutations in ovarian tumor domain (OTU) of PRRSV nonstructural protein 2.
Z. Sun, Z. Cheh, X. Zhod, Y. Fang 2 'Dept. of Vet. Scienc8)ept. of Biology/Microbiology, SDSU,
Brookings, SD.

23- Amino acid substitutions in the selected nonstructural and structural proteins of PRRSV
determine the viral virulence in pigs.
W. Kinm*, D. Surt, Y. Chd, S. Lid, A.T. Loynachaf V.C. Coopet, K.J. Yooh College of
Veterinary Medicine, lowa State University, Ames, Dlepartment of Veterinary Science, University of
Kentucky, Lexington, KY.

24- Transcriptional Dynamics in PRRS¥fected tissues.
C. W. Beattie* S. L. BrockmeiérandE. F. Retzél 'Dept. of Surgical Oeology, University of Illinois
Chicago, Chicago, IL2USDA ARS National Animal Disease Center, Ames@Anomics and
Bioinformatics, National Center for Genome Resources, Santa Fe, NM.

25- Analysis of typel IFN pahway activation in PAMs with chimeric PRRSV strains
C.Overend*, R. Magantt, M.J. Grubmaf A.E. Garmendiad.'Department of Pathobiology and Veterinary
Science, University of Connecticut, Storrs, Plum Island Animal Disease Center, USBRS,
Greerport, NY.

26- The porcine reproductive and respiratory syndrome virus requires trafficking through CD163
positive early endosomes, but not late endosomes, for productive infection.
Hanne Van Gorp*, Wander Van Breedam, Peter L. Delputte and Hans JyNekiiaboratory of
Virology, Department of Virology, Parasitology and Immunology, Faculty of Veterinary Medicine, Ghent
University, Merelbeke, Belgium.

27- PRRSV NSP 113 inhibits host type | IFN response by antagonizing IRF3 activation
Lalit K. Beura?, Saumendra N. SarkarSakthivel SubramanidByungjoon Kwoh Clinton Jonek
AsitK. Pattnaik, Fernando A. Osorib 'Nebraska Center for Virology and Dept. of Veterinary Biomedical
SciencesUniv. of Nebraska, Lincoln, NEUniversity of PittsburgiCancer Institute and Department of
Microbiology and Molecular Genetics, University of Pittsburgh School of Medicine, Pittsburgh, PA.

28- Increased cytotoxicity is observed following in vitroiodection of cells with porcine
reproductive and respiratosyndrome virus andctinobacillus pleuropneumoniae
Cynthia Lévesque, Carl A. Gagnon, Mario Jacques. Groupe de recherche sur les maladies infectieuses du
porc (GREMIP) and Centre de recherche en infectiologie porcine (CRIP), Faculté de médecinaivétér
Université de MontréalSaintHyacinthe, Quebec, Canada

29 Interaction of PRRSV Nspl and the cellular transcription factor PIAS1 (protein inhibitor of
STATL).
C. Sond” H. C. Litf, P. Krelf, and D. Yod 'Dept. of Pathobiology, Universityf Guelph, Canada.
“Dept. of Animal Science, College of Agriculture and Life Sciences, North Carolina State University.
®Dept. of Molecular and Cellular Biology, University of Guelph, CandBept. of Pathobiology,
University of Illinois at UrbaneChampaign, Urbana, IL.
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30- Identification of immunodominant-€ell epitopes present in matrix protein of the highly

pathogenic porcine reproductive and respiratory syndrome virus strain HUN4.

YaXin Wand, YanrJun Zhot, GuoXin Li*, ShanRui Zhang, YiFeng Jiand, Ao Tian Xu, Hai YU,
MengMeng Wan§ Li-Ping Yarl, ZongYan Cheng zZhi-Jun Tiarf, GuangzZhi Tong* 'Division of

Swine Infectious Diseases, Shanghai Veterinary Research Institute, Chinese Academy of Agricultural
Sciences, Shanghai, Chirfflational Key Laboratory of Veterinary Biotechnology, Harbin Veterinary
Research Institute, Chinese Academy of Agricultural Sciences, Harbin, China.

31- Porcine reproductive and respiratory syndrome virus controls host immune cells response via

Foxp3expression and AKt pathway.
V. Lazar*, R. Pogranichniy, Animal Disease Diagnostic Laboratory, Department of Comparative
Pathobiology, Purdue University, W. Lafayette, IN, USA.

32- Comparison of two cell lines for the propagation of PRRSV.
Meliss Pires-Alves*, Anisha Misra, Ederico A. Zuckermann and William Laegreid.
Department of Pathobiology, College of Veterinary Medicine at University of lllinois at Urbana
Champaign, Urbana, IL.

33 Inhibition of type | interferon signaling by Nsp11 of PRRSV
Y. Sum, N. Chen, D. Yoo. Department of Pathobiology, College of Veterinary Medicine, University of
lllinois at UrbanaChampaign, Urbana, IL

Molecular Biology: Structural and Functional Relationship

Abstract/Poster No.

34- Large-Scale ParalléPyrosequencing Technology Reveals PRRSVV2832 Nsp2 Deletion

Mutants Stable in Swine.
Baoging Guo, Kay S. Faaberg, Kelly M. Lager, and Marcus E. Kehrli, Jr. National Animal Disease-Center
USDAARS, Ames, IA.

35- The role of Nglycosylation of minor evelope glycoproteins of PRRSV on infectious virus

production and interaction with the receptor CD163.
Phani B. Das*, Phat X. Dinh, Hiep L. X. Vu, Israrul H. Ansari, Byungjoon Kwon, Fernando A. Osorio, and
Asit K. Pattnaik. Department of Veterinary aBbmedical Sciences, University of Nebraslwacoln.

36- Effects of Nsp2 Deletions on PRRSV Genome and Replication Efficiency
Raymond K.H. Hui*, Kimberly X. Warand Frederick C. Eung School of Biological Sciences, The
University of Hong Kong.

37- Cis-Acting Elements in the 3'terminus of the genome of Porcine Reproductive and

Respiratory Syndrome Virus are required for viral RNA synthesis

Changlong Liu, Zhi Suraifeng Yuan, Fei Gao, Jiaqgi L&hishan Yuan* Department of Swine Infectious
Diseases, Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai,
China.
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38 Functional Dissection of The Nucleocapsid Protein of Porcine Arterivirus
Feifei Tan*, Zuzhang Wei, Chunyan Chen, Rong Zhang, and ShishanDeartment of Swine
Infectious Diseases, Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences.
Shanghai, China.

39 The structural proteins of the Chinese highly pathogenic porcine reproductive and respiratory
syndrome uius do not contribute to its virulence.
Jialong Zhang, Lei Zhou, Xin Guo, Xinna Ge, Hanchun Yang*. College of Veterinary Medicine, China
Agricultural University, Beijing, P.RChina.

40- Comparative Analysis of Five Pairs of Parental Virulent/ LiveeAttated Vaccine Strains of
North-American Type Porcine Reproductive and Respiratory Syndrome Virus: Insight of
the Molecular Mutations during the Virulence Attenuation.

TongQing Arl, Zhi-Jun Tiart, Yan Xiad, Yi Zhang, Ran Lt, Yao Wang Jin-Mei Perg’,

YanJunZhou, GuangZhi Tong"#* 'Division of Swine Infectious Diseases, National Key Laboratory
of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural
Sciences, Harbin, ChindShanghai Veterinary Reseeh Institute, Chinese Academy of Agricultural
Sciences, Shanghai, China.

41- Expression of ORF 6 protein of Porcine reproductive and respiratory syndrome virus
Jitka Jankov4, Vladimir Celer. University of Veterinary and Pharmaceutical SciencesiEpartment of
Microbiology and Immunology, Palackého, Brno, Czech Republic

42- Optimization of PCRbased assays for detection of PRRSV in oral fluids.
W Chittick,* W Stensland, J Prickett, E Strait;|\Kim, K Yoon, JJ Zimmerman. Veterinary Diagnosti
Laboratory, College of Veterinary Medicine lowa State University, Ames, lowa.

43- Comparison and Analysis of Genome Sequence of Passages PRRSV Strains.
J.Luo&, Y.B. Ning*,Y.B.Litt, J. Cheri ,M.Y. Harl, L. Zhang' *China Institute of Veterinary g
Control, Beijing, ChinaZ Huazhong Agriculture University, Wuhan, Chifauangdong Minsun Bio
pharmaceutical Co., LTD, Guangzhou, China

44- Myristoylation of the small envelop (E) protein of PRRS virus is-essential for virus

infectivity butaffects its growth.
Y. Du, D. Yoo. Department of Pathobiology, University of lllinois at Urb@hampaign, Urbana, IL,
USA.

45 The GP4 protein of PRRSV is a glycosylphosphatidylinositol (@Rthored protein which

contributes to virus infectivity.
Y. Du, D. Yoo. Department of Pathobiology, University of lllinois at Urb@hampaign, Urbana, IL,
USA.

46- Gene rearrangements for structural proteins of PRRSV and a novel approach to

immunogenic alteration.

C. Song? P. Krelf, Y. DU, and D. Yo°. 'Depts. of Pathobiology, arftilolecular and Cellular Biology,
University of Guelph, CanadaDept. of Pathobiology, University of lllinois at Urbai@hampaign,
Urbana, IL.
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47- Generation of an infectious clone of HWR412, an attenuated live \@ee strain of highly
pathogenic porcine reproductive and respiratory syndrome virus.
ShanRui Zhang, Yadun Zhou, Zhilun Tian, Hai Yu, Gu&Xin Li, Li-Ping Yan, YdFeng Jiang,
YaXin Wang, MengMeng Wang, Adian Xu, GuangzZhi Tong* Division of Swinénfectious Diseases,
Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai, China.

48- Genetic characterization of a novel, highly virulent PRRSV isolate from North America.
J. C. Schwart?, R. G. Jones J. E. Adrahanté, M. P. Murtaugh. ‘Department of Veterinary and
Biomedical Sciences, University of Minnesota, St. Paul, RiNestock Veterinary Services, Kinston,
NC.

49- Development of a DANaunched reverse genetics system for Korean type 1 porcine
reproductive and respiratory syndrome virus.

E. Nant, M. Sagong, C. Lee. Department of Microbiology, Kyungpook National University, Daegu, South
Korea.

50 Viral N-acetylglucosamine Facilitates Porcine Reproductive and Respiratory Syndrome

Virus Infection of Permissive Cells.
J. Li*, M. P. Murtaugh. Dept. of Veterinary and Biomedical Sciences, University of Minnesota, St. Paul,
MN.

Epidemiology, Heterogeneity and Evolution

Abstract/Poster No.

51- Spontaneous deletion of nsp2 region associatedositfadaptation of porcine reproductive
and respiratory syndrome virus.
Shishan Yuah, XiaominWand? ZuzhangNetf, Yanhuali®, Xiangjian Lt, HuochunYad .! Department
of Swine Infectious Diseases, Shanghai Veterinary Research Institute, TheeGhiaelemy of
Agricultural Sciences, Shanghai, PR Chih&ollege of Veterinary Medicine, Nanjing Agricultural
University, Nanjing, Jiangsu Province, PR China.

52- PRRSV receptor level and susceptibility to PRRSV infection increased on cultured

peripreral blood monocytes.

Liang-hai Wang* and Weihnai Feng. State key laboratory for Agrobiotechnology, and Department of
Microbiology and Immunology, College of Biological Science, China Agricultural University, Beijing,
China.

53 The current antigenioeterogeneity between PRRSV strains can influence the reliability of

serological surveys.

Uladzimir U. Karniychuk*, Marc Geldhot, Merijn Vanhe& Jan Van DoorsselaefeHans J. Nauwyndk
Y aboratory of Virology, Department of Virology, Parasitolagyd Immunology, Faculty of Veterinary
Medicine, Ghent University, Merelbeke, BelgitiBepartment of Health Care and Biotechnology,
KATHO Catholic University College of Sotlitlest Flanders, Roeselare, Belgium.

54- An Outbreak of the Highly Pathogenic &mcan PRRS Virus of the Chinese Strain in the
Philippines.
Leonilo R. Resontoc, DVM, MPA, Bureau of Animal Industry, Department of Agriculture, Diliman,
Quezon City, Philippines.
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55 A Phylogenybased Demographical and Geographical Dissectiddoah American Type
Porcine Reproductive and Respiratory Syndrome Viruses.
Mang Shi!TsanYuk Lam!ChungChau HonMichael P. Murtaugh?Peter Davies® Raymond KirHei Hui,
Y ina TikWim Wong!Chi-Wai Yip,'Jin-wai Jiang, and*Frederick ChiChingLeung ‘School of
Biological Sciences, The University of Hong Kong, China; Departmeft&etérinary and Biomedical
Sciences, antVeterinary Population Medicine, University of Minnesota, Minnesota, USA.

56- Characterization of the GFPpecific antilody response upon infection with PRRSV
M. Vanhee, S. Costers* and H.J. Nauwynck Laboratory of Virology, Department of Virology, Parasitology
and Immunology, Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium.

57- Evidence of long disince airborne transport of porcine reproductive and respiratory
syndrome virus and Mycoplasma hyopneumoniae

S Dee, S Otake, S Oliveira and J Deen, University of Minnesota Sveie&sP Eradication Center,
St Paul, MN.

58 Use of a production regionadel to evaluate aerosol transmission and biosecurity of PRRSV

and Mycoplasma hyopneumoniae: Results frorayad study.
S Dee, S Otake and J Deen, University of Minnesota Swine Disease Eradication Center, St Paul, MN

59 A pilot study to evaluate #hefficacy of air filtration in large sow herds located in swine

dense regions.
Scott De& Gordon Sprorkand Peter Davie's 'Swine Disease Eradication Center, University of
Minnesota2Pipestone Veterinary Clinic, Pipestone, MN.

60- UV254 Inactivaton of Selected Viral Pathogens.
TD Cutler? SJ Hoff C Wang:°KJ Warren? F Zhou® Q Qin? C Miller?, JF Ridpath’ K-J Yoon*
J Zimmerman'Department of Veterinary Diagnostic and Production Animal Mediébepartment of
Veterinary Microbiology ad Preventive MedicinéDepartment of Agricultural and Biosystems
Engineering;’Department of ImmunobiologPepartment of Statistics, lowa State University, Ames,
lowa.°USDA:ARS:NADC, Ames, lowa

61- Infectious dose (ID50) of PRRSV Isolate M4 forYoung Pigs via Aerosol Exposure.
TD Cutler! A Kittawornrat? SJ Hoff> C Wang'*®JJ Zimmermah'Department of Veterinary Diagnostic
and Production Animal MedicinéDepartment of Agricultural and Biosystems Engineeribgpartment
of Statistics, low State University, Ames, lowa.

62- Torque teno virus (TTV) in commercial wegmfinish populations concurrently infected

with PRRSV.

J Prickett™* R Pogranichniy? R Main! A Clarlké, J Zimmermah'College of Veterinary Medicine, lowa
State Universit, Ames, IA*Animal Disease Diagnostic Laboratory, Department of Comparative
Pathobiology, Purdue University, West Lafayette, IN.

63- Abstract withdrawn

64- PRRS Regional Eradication in Minnesota.
Cesar Corzo*, Bob Morrison, Department of VeterinBgpulation Medicine, College of Veterinary
Medicine University of Minnesota, Saint Paul, MN.
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65- Potential origin of the newly emerged highly pathogenic porcine reproductive and respiratory
syndrome virus in China.
TongQing Art, Zhi-Jun Tiarl, YanXiao', Ran L, Jin-Mei Pend, Tian-Chao Wej, Yi-Feng Jiang,
Guangzhi Tond?* 'Division of Swine Infectious Diseases, National Key Laboratory of Veterinary
Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural Sciésutes,
China;? Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai,
China.

66- Prevalence and correlation between PRRS and porcine TT viruses in the Czech Republic
Veroni ka Jar ogov §, eler Unkversityoh\fetermarBand PWdrneadeuticed ScienCes
Brno, Department of Microbiology and Immunology, Palackého, Brno, Czech Republic.

67- Collection of oral fluid diagnostic samples from individual boars.
A Kittawornrat!* M Engle? J Johnsort,D Whitney* C Olsent J Prickett! T SchwartZ,K SchwartZ,
JZimmerman *College of Veterinary Medicine, lowa State University, Ames?PAC North America,
Hendersonville, TN

68- PRRSV whole genome sequencing via rgaeration sequencing.
Juan E. Abrahante, John C. Schwartz and Michael P. Murtaugh. Departhé&feterinary and
BiomedicalSciences, University of Minnesota, St. Paul, MN.

69 High fever disease: genetic variation and pathogenicity of porcine reproductive and
respiratory syndime virus emerged in China.
J. Wd*, J. Li%, F. Tiarf, S. Reh J. Chef, Z. Larf, X. Zhang, D. Yod, Z. Nilf, J. Wand. *Shandong Key
Laboratory of Animal Diseases Control and Breeding, Shandong Academy of Agricultural Sciences, Jinan,
Shandong, Chim *Shandong Center for Animal Disease Control and Prevention, Jinan, Shandong, China.
3Dept. of Pathobiology, University of lllinois at Urbai@hampagne, IL, USA

70- Characterization and pathogenicity of one PRRSV strain witimiho-acid deletion at
position 481 of Nsp2.
Yanhua Li, Shuxian Chen, Lei Zhou, Jialong Zhang, Xin Guo, Xinnel&ehun Yang*. College of
Veterinary Medicine, China Agricultural University, Beijing, P.R.China.

72- A Web-based Database and Phylogenetic Tools to Study MaleEpidemiology and
Evolution of Porcine Reproductive and Respiratory Syndrome Virus (PRRSV)
Jun Li, Charles LailYin Wong, Tommy Tsa¥uk Lam, Mang Shi, Frederick G8hing Leung*. School of
Biological Sciences, The University of Hong Kong, Hong K8AR, China.

73- PriProET based melting point analyses on PRRSYV positive field samples.
Gyula Balkd,*, Adam DaR, Akos Hornyéak Andrea Ladini§, Miklés Rusvat ‘Department of Pathology
and Forensic Veterinary Medicine, Faculty of Veterinary Scie8eent Istvdn University, Budapest,
Hungary;? Central Agricultural Office, Veterinary Diagnostic Directorate, Budapest, Hungary;
Department of Microbiology and Infectious Diseases, Faculty of Veterinary Science, Szent Istvan
University, Budapest, Hhgary; * Clinic for Swine, Clinical Department for Farm Animals and Herd
Health, University of Veterinary Medicine Vienna, Austria.

74- Molecular epidemiology of PRRS virus infections in Britain.

J.P. Frossard*, S. Williamson, D. Westcott, B. NaitluDrew. Veterinary Laboratories Agency
(Weybridge), New Haw, Addlestone, Surrey, U.K.
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75- The first case of porcine reproductive and respiratory syndrome in Bhutan.
T. Stadejek, V. Raik&, K. Chabro$, K. Rinzif, S. Parchariyanoh 'Department 6Swine Disease§)IE
Reference Laboratory f®RRS, National Veterinary Research Institute, Pulawy, PolaNdtional
Centrefor Animal Health, Thimpu, BhutariNational Institute of Animal Health, Bangkok, Thailand.

Vaccine and Immunity

Abstract/Poster No.

76- Pathogenesis and antigenic characterization of a new East European subtype 3 porcine
reproductive and respiratory syndrome virus strain.
Uladzimir U. Karniychuk*, Mar Geldhot, Merijn Vanheg Jan Van DoorsselaefeHans J. Nauwyncék
L aboratory of Virology, Department of Virology, Parasitology and Immunology, Faculty of Veterinary
Medicine, Ghent University, Merelbeke, BelgitiBepartment of Health Care and Biotechnology,
KATHO Catholic University College of Sotltiest Flanders, Rzselare, Belgium.

77 Nucleocapsid protetspecific IgG and IgM responses in oral fluids during PRRSV
infection.
S.J. Wong V. L. DemarestJ. K. Lunne$, R.R.R. Rowland*Diagnostic Immunology Lab, Wadsworth
Center NYSDOH, Albany, NYUSDA, ARSBARC, APDL, Beltsville, MDDept Diagnostic Medicine
and Pathobiology, Kansas State Univ., Manhattan, KS.

78- Proficient isolation and titration of field PRRS virus from clinical samples using a porcine
alveolar macrophage cell line.

Federico Zuckenann*, Gabriela CalzaddNova, William Schnitzlein, and Robert Husmann. Department of
Pathobiology, University dflinois at UrbanaChampaignUrbana, IL.

79 A PRRSV Recombinant Protein Vaccine Capable of Decreasing Viremia
RL Vander Veen® MA Mogler 2, DL Harris*** lowa State University'Veterinary Microbiology and
Preventative MedicinéAnimal Science’Veterinary Diagnostic and Production Animal Medicine;
“Harrisvaccines, Inc.

80 Modified live PRRS virus vaccination as a key componemiursery pig performance
improvement.

G. Spronk*, T. Wetzefi R. Philip$. Pipestone Veterinary Clinic, Pipestone, MiBpehringer Ingelheim
Vetmedica Inc, St Joseph, MO.

81- Modified live PRRS vaccination provides heterologous protection agarokint 1-18-2

challenge.
D. Jordan*, S. Laytoh R. Philip$, M Genzow: ‘Boehringer Ingelheim Vetmedica Inc, Ames, 3%;
Joseph , MO?Ingelheim, Germany.

82- Evaluation of lung lesions after PRRSV (Type [) challenge in vaccinated andanoimted
pigs.
Gy. Balkd*, A. Ladini, M. Ritzmanf A. Saalmiillet, W. Gernet, T. Kasef, M. Rusva,
H. WeiRenbock 'Department of Pathology and Forensic Veterinary Medidiagulty of Veterinary
ScienceSzent Istvan University, Budapest, Hung&6finic for Swine, Department for Farm Animals and
Veterinary Public Health, University of Veterinary Medicine, Vienna, Austhistitute of Immunology,
Department of Pathobiology, University of Veterinary Medicine, Vienna, Ausimistjtute of Patholgy
and Forensic Veterinary Medicine, University of Veterinary Medicine, Vienna, Austria.
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83 Steps towards development of a novel mucosal vaccine to PRRSV
Varun Dwivedi*, Cordelia Manickam, Ruthi Patterson, Katie Dodson, and Renukaradhya J. Gourapura,
Food Animal Health Rearch Program, OARDC, Ohio State Universityooster, OH

84- Analysis of the aberrant immune response induced by a PRRSV type 2 isolate naturally
lacking glycan residues in two envelope glycoproteins.
H. Vu*, B.J. Kwort, K.J. Yoorf, W. Laegreid A.K. Pattnaik and F.A. Osorid. 'Dept. of Veterinary and
Biomedical Sciences, University of Nebraslacoln, Lincoln, NEZDept. of Veterinary Diagnostic and
Production Animal Medicine, lowa State University, Ames’D&pt. of Vegrinary Pathobiology,
University of lllinois at UrbanaChampaign, Urbana, IL.

85- Enhancement of regulatory T cells during primary and secondary swine infected with
porcine reproductive and respiratory syndrome virus.
Erika SilvaCampa, Lilian FloresMendosa, Ménica Reséndiz, Karina Espinoza, Verénica Mata and
JestHernandez. Centro de Investigacion en Alimentacién y Desarrollo, A.C., Mexico.

86- Performance of a New, Sing&ell Format IDEXX PRRS ELISA Diagnostic
A.M. Rice*, L. Plourde, C. Muenter, H. Liauw, and V. Leathers. IDEXX Laboratories, Inc. Westbrook,
ME.

87- Replicon particles expressing PRRSV GP5 and Matrix reduce viremia following
homologous and heterologous challenge

MA Mogler?, RL Vander Veerl, MM Erdman?, DL Harris*?® lowa State University'Department of
Animal Science ant”DPAM; *Sirrah Bios, Ames, lowa.

88- Swine Toolkit progress for the US Veterinary Inmune Reagent Network.
JK Lunney*, P Boyd, J LaBresh, L Kakacli, B Wagnet, D Tompkin§ E Hudgen% C Baldwn.*
'APDL, BARC, USDA, Beltsville, MBKingfisher Biotech, St. Paul, MNCornell University, Ithaca
NY:; “University of Massachusetts, AmheA.

89 Elucidation of mechanisms of TNFa suppression by PRRSV.
Sakthivel Subramaniam, Byungjoon Kwhbalit K. Beura, Asit K. Pattnaik, Fernando A. Osorio.
Department of Veterinary & Biomedical Sciences, University of Nebiaiskaln, NE.

91- GP4 of PRRSV contains a neutralizing epitope that is susceptible to irrsalewbion in

vitro.
SarahCosters'™, David JLefebvré, JanVan Doorsselaefe Merijn Vanhee' & Hans JNauwynck-.
! Laboratory of Virology, Department of Virology, Immunology and Parasitology, Faculty of Veterinary
Medicine, Ghent University, BelgiumDepartment of Health Care and Bamhnology, KATHO Catholic
University College of SouttWest Flanders, Belgium.

92- Comparison of protection of pigs vaccinated by European and North American genotypes

PRRS virus to challengeith Chinesetype atypical PRRSV.

S.A. Kukushkitt, T.Z. BayikoV}, A.E. Fomin, E.P. Baborenkb I.A. Pronirt, V.. Chermashentsév

'Federal Government al I nstitution fAFederal Centre f
Russia’The AlFRussian State Centre for Quality and StandardizatioWeferinaryDrugs and Feed

(VGNKI), Moscow, Russia.
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93- Design of a TGEV vector to protect against porcine reproductive and respiratory syndrome.
Jazmina L.G. Cruz Sonia ZGfiigh Carlos M. SanchézSarhay Rds Sandra Juanofa Joan Planéand
Luis Enjuane¥. 'Department of Molecular and Cell Biology. Centro Nacional de Biotecnologia, CSIC.
Madrid. Spain?Fort-Dodge Veterinaria, S.A. Girona, Spain.

94- Effect of PRRSV Infected Monocyte Deriw&kendritic Cells on the Induction of

Interleukin10 Producind-ymphocytes.

P. Wongyanih S. Buranapraditkuh R. Thanawonguwe&hl.A.Rotf, S. Suradhat'interdisciplinary
program of Medical Microbiology, Graduate School, Chulalongkorn University, Bangkok, Thailand;

2 Faculty of Veterinary Science, Chulalonghkdyniversity, Bangkok, ThailandDepartment of Veterinary
Microbiology and Preventive Medicine, College of Veterinary Medicine, lowa State University, Ames,
lowa, USA.

95- Evaluation of clinical signs after PRRSV challenge (type 1) in vaccinated andaccinated
pigs.
A. Ladinig*, Gy. Balkg, A. Saalmiillet, W. Gernet, T. Kaset, M. Rusvdi, H. WeiRenboék
M. Ritzmann. 'Clinic for Swine, Department for Farm Animals and Veterinary Public Health, University
of Veterinary Medicine, Vienna, Ausdri’Department of Pathology and Forensic Veterinary Medicine,
Faculty of Veterinary Science Szent Istvan University, Budapest, Huritretjtute of Immunology,
Department of Pathobiology, University of Veterinary Medicine Vienna, Au$tnistitute ofPathology
and Forensic Veterinary Medicine, University of Veterinary Medicine Vienna, Austria.

96- Effect of Nucleocapsid Protein of PRRSV on the Induction of InterleliRiRroducing
Lymphocytes.
P. Wongyanih S. Buranapraditkuh R. Thanawonguweghl.A.Rotf, S. Suradhat'interdisciplinary
program of Medical Microbiology, Graduate School, Chulalongkorn University, Bangkok, Thailand;
2 Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thaifrehartment of Veterinary
Microbiology and Preventive Medicine, College of Veterinary Medicine, lowa State University, Ames,
lowa, USA.

97- Development of a rapid, swirspecific microsphere assay to simultaneously detect multiple
immune proteins (cytokines) affected by porcine repraodeeind respiratory syndrome

virus (PRRSYV) infection.
S. Lawsof¥, J.K. Lunney, Y. Fang, E.A. Nelsoh J. ChristopheiHenning$. 'Dept. Vet. Sci, SDSU ,
Brookings, SD.2USDA, ARS, BARC, Beltsville, MD.

23



2009 International PRRS Symposium

1
Swine Influenza and the Need for Rationlly Designed Vaccines.

Jirgen A. Richt, DVM, PhD.
Dept. Diagnostic Medicine and Pathobiology, Kansas State Univ., Manhattan, KS.

Influenza is a zoonotic viral disease that represents a health and economic threat to both humans
and animals worldwide. Swe influenza (SI) was first recognized clinically in pigs in the
Midwestern U.S. in 1918, coinciding with the human influenza pandem k nown as t he
f | &inceé that time, Sl has remained of importance to the swine industry throughout the world.

In this lecture, the epidemiology of swine influenza virus (SIV) infection in North American pigs

in the last 90+ years is described. For the first 80 years, SI remained relatively static; whereas,
the last decade has become more dynamic with the estahtisbhmany emerging subtypes,
culminating in the appearance of the pandemic H1N1 virus. The availability of commercial
inactivated swine influenza vaccines in the mid 90s has made vaccinating pigs against swine
influenza, a common practice in the swineusidly. Since SIVs are changing faster than

traditional vaccines can be developed and the epidemiological situation demands vaccines that
can induce better crogsotection, novel approaches to swine influenza vaccination are needed.
The development and eféicy of a novel live attenuated SIV vaccine based on a modified NS1
protein will be described.
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2
Origin, evolution and diversification of PRRSV.

Tomasz StadejékMichael P. Murtaugh
'National Veterinary Research Institute, OIE Referenkcaboratoy for CSF and
PRRS, Pulawy, Polan@Department of Veterinary and Biomedical Sciences,
University of Minnesota, St. Paul, MN.

Porcine reproductive and respiratory syndrome virus (PRRSV) is a recently emerged pathogen,
with the earliest serologicalevidec e f r om 1979 in Canada, in the
North America, Europe, and east Asia, and in China in theln8d9 0 6 s . Phyl ogeneti c
places the most recent common ancestor for EU (type I) and NA (type Il) genotypes at least 100
years backn time, indicating that they evolved separately prior to their emergence as clinical
entities in the late 1980's. Type 1 PRRSV is genetically diverse, with several subtypes marked by
unique ORF7 indels, though only one subtype has spread globally begetein Europe. EU
genotype PRRSV lineages may have emerged and spread in the former Soviet Union, before
transmission of just a single genetic variant to Western Europe. The most recent common
ancestor of the E\genotype PRRSV strains apparently existetivieen 1946967, ie, during

the postWorld War 1l development of Europe, when there was massive geographical movement
of pigs from Western Europe, from countries incorporated into the Soviet Union and from
different European and Asian parts of Russiatl#postwar situation in Europe created an
environment allowing a new virus to emerge, or an already emerged virus to spread. We
postulate that NAPRRSV came with pigs brought by explorers, traders, or immigrants to North
America, from the east or the steNA-PRRSV diversity resembles the diversity of PBRRSV

in Western Europe, i.e. only a single subtype is present. Where dRIRIRSV come from?

Clinical PRRS emerged in Asia, North America and Europe at the same time, and Asian and
North American PRRSgtrains are closely related. Also AsiandPBRSV strains are closely

related to Western European ones. It is believed that they were dispersed in Asia with imported
breeding pigs or semen before the laboratory tools to diagnose PRRS became readilg.availabl
However, it cannot be excluded that yet unknownRRRSYV variants circulate in Asia and

their discovery would be of great importance for our understanding of the global evolution of
PRRSV.
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3
PRRS Coordinated Agricultural Project (CAP): Control and
elimination of PRRSV.

R.R.R. Rowland.
Dept. Diagnostic Medicine and Pathobiology, Kansas State Univ., Manhattan, KS.

The goal of the USDA supported PRRS Coordinated Agricultural Project (CAP) is to develop
the tools and deliverable knowledge, througiegrated strategies, that will reduce animal

suffering, decrease economic losses to producers, and support stakeholder efforts to control and
eliminate PRRSV. The activities under the CAP are the result of extensive stakeholder input and
when integratedto a logic model, describe a roadmap with ietiused outcomes and

impacts. The CAP supports the activities of 14 investigators at titziiios. Objectives 1

through 3 are dedicated to vaccines/immunity, epidemiology/ecology and host genetics. Multi
year research projects are led by investigators at lowa State University (Identifying ecologic and
epidemiologic factors in the control of PRRS), University of Minnesota (Positive prognosticators
of immune protection and prophylaxis in swine herds), Unityeo$ lllinois (Immunologic
consequences of PRRSV diversity), Virginia Polytechnic Institute and State University
(Innovative approaches to develop broadly protective and effective vaccines) and USDA ARS
(PRRS host genetics). Obijective 4, Extensiomasi$ed on projects and ideas directed at
eliminating PRRS from farms and regions. Two regional elimination projects are underway, led
by Michigan State University and Carthage Veterinary Service, lllinois. In support of regional
elimination is the incorpation of herd risk assessment tools (lowa State University) as the
means to monitor progress. Regional elimination projects are a prelude to national
elimination/eradication plans and strategies. And finally, Objective 5 encompasses active
education and dteach programs. Education includes the support of graduate/undergraduate
students, and includes a minority training program led by Purdue University. The PRRS CAP
leverages and coordinates activities with other stakeholder groups including the Natiknal Po
Board. The PRRS CAP is supported by USIDAFA Award # 20085562019132.
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4
National Pork Board PRRS Virus Control.

L. Becton.
Director of Swine Health Research and Information,
National Pork Board, Des Moines, IA.

The goal of the PRRS Virus Contefforts is to have a collaborative effort that is applied to the

study of the PRRS virus in order to continue to develop tools and management strategies that can
reduce the economic impact for producditse objectives of the basic Checkoff funded redear

in PRRS Virus Control is to develop improved, validated diagnostic tests, to refine vaccination
strategies when appropriate and to continue evaluation of the immunogenic properties and the
epidemiology of the PRRS viruBork industry research priorisere reviewed and updated

yearly by producers, veterinarians, researchers and industry members, with final responsibility
with the Nat i SwuvnaHealth Gamknittdgddditiondl dbgectives of Checkoff

research add strengthening the current kedge regarding regional elimination of the PRRS

virus and continued development of necessamistto accomplish this taskhe Checkoff

research priorities are compared with those of the PRRS Coordinated Agricultural Project (CAP)

to identify potential cbaboration, promote sharing of resources and to prevent unnecessary
duplication.Education and outreach are an important additional component of the PRRS Virus
Control effort Through the collaboration with the PRRS CAP outreach and education efforts to
provide research results are made availablewiav.prrs.org and pork.orginformation is also

presented and shared at various academic and producer meetings and various print and broadcast
media Checkoff also continuae provide tools and information for PRRS virus control through

the support of the American Association of Sw
through support of the International PRRS Symposisiapport of the National Pork Board

PRRS Virus Cotmol effort is through producer Checkoff dollars.
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5
PoRRSCon, a European consortium that aims to develop new
generation marker vaccines and differential ELISAs in order to be
able to control PRRS under European circumstances.

H.Nauwynck L. Enjuanesg. Mateu, C. Vela, E. Giuffra, N. Ruggli, L. Larssen,
T. Stadejek, T. Aitali, T. Drew, A. Rebel, S.Yuan, N. Van Loagd G. Behrens
Laboratory of Virology, Faculty of Veterinary
Medicine, Ghent University, Salisburylaan, Merelbeke, Belgium.

Porcine reroductive and respiratory syndrome virus (PRRBMhe major cause of reproductive

and respiratory disorders in pigs worldwide. Controlling this disease is a top priority in all pig
producing countries. Due to mutations at a high frequency, new vaofahes virus appear that

are no longer effectively controlled by the commercial vaccines. In addition, highly virulent
variants emerge, leading to extremely high losses. With regard to animal welfare and agricultural
economics, there is an urgent needdotwl PRRS. Furthermore, the abusive use of antibiotics

to control PRRSVassociated respiratory problems may lead to resistance that may endanger
public healthPoRRSCons an initiative of 14 partners originating from Europe and Asia with
strong expertis in virology and immunology. It has been selected for funding by the EU. The
group is doing frontline research on PRRSYV and/or vaccine development. Two of these partners
are leading European pharmaceutical companies that will guide the consortiumiredtierd

of exploitable results. By joining their strengths they have an ideal position to be successful in
one of the most difficult challenges in pig health, controlling PRRS. To reach this final goal, the
following objectives are forwarded: (i) charaie genetically and antigenically current PRRSV
isolates in Europe and Asia, (ii) have a better understanding of the complex pathogenesis of
PRRSV infections, immune response against PRRSV and immune modulation by PRRSV, (iii)
define the genetic base dRRSV virulence, (iv) identify PRRSV proteins and domains on these
viral proteins that are involved in the induction of the immunity against PRRSV and in the
immune modulation of PRRSV, (v) develop new generation, efficacious and safe marker
vaccines thatan be adapted to temporary changes and geographical differences and (vi) develop
DIVA assays that allow tdifferentiateinfected fromvaccinatecanimals. At the end, it will be
possible to set up a control strategy by combining marker vaccines with B3&sa The tools

and approaches developed in PORRSCon will become available to all national and international
authorities that want to solve the PRRS problems.
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6
PRRSV receptor gene CD163 is associated with antibody of PRRSV
and SFV

Q. Tong X.D. Liu, L.G. Yang,Y. Yu, C. Wang J.J.Wu, S.H. Zhaoand
S.J.Zhang
Key Lab of Agricultural Animal Genetics, Breeding and Reproduction of Ministry
of Education, Huazhong Agricultural University, Wuhan, China.

CD163 isscavenger receptor protein involvedParcine Reproductive and Respiratory
Syndrome VirugPRRSV) andAfrican Swine Fever VirusSFV) uptake and infectiorTo
investigate the role of pig CD163 as a candidate gene for innate disease resistance in pigs, we
cloned partial CDS sequence of CD163 gen®&T-PCR method, sequenced PCR products from
five pig breeds Peripheral Blood Mononuclear ¢eBMC) to screen for mutation. The
association analysis of genotypes with the growth triams\unologicaltraits and antibody levels
were carried out in a pupopulation of 355 landrace pig. Four single nucleotide polymorphisms
(SNP,A2438G, G2454C, G2537A and A268p@ere identified in the 938p fragment in the
porcine CD163 gendé\ssociation analysis between two identified SNB2537A and A2685C)
The resuis showed thatlifferent genotypes at G2537A and A2685C both had significant
differences irantibody levels for PRR6&f 1-day-age(P=0.007 and 0.019, respectively).
Meanwhile polymorphism 052537A and A2685@lso had signification associations with
platekt distribution width (PDW), mean platelet volume (MPV), plattdege cell ratio (H.CR)

at the day before vaccinatioplatelet count (PLT), white blood cell count (WBC)1atday age,

and wean weight (WWhntibody levels for PRR6f the 18 day aftervaccination an&F ofthe

day 17" after vaccinationtespectively.
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5
Pulmonary dysfunctions in pigs experimentally infected with
PRRSV.

J. Wagner*, A. Kneucker, M. GlasamndP. Reinhold.
Institute of Molecular Pathogenesis, Friedrlabeffler-Insttut, Jena, Germany

Introduction & Aim: Lung function tests enlarge information about ventilatory abnormalities and
gas exchange. At present, no knowledge is available about the influence of PRRSV on lung
functions in pigs. Therefore the aim of our stuehs to evaluate respiratory disorders with
noninvasive pulmonary function tests (PFT) in a respiratory infection model.

Animals & Methods: At the age of eight weeks 8 pigs were experimentally infected (intranasally
and intramuscularly) with PRRSV isola#&R-2332 while the control group (n = 8) received

saline (0.9% NacCl). For PFT the methods impulse oscilloresistometry system (I0S), rebreathing
system and capnovolumetry (Jaeger, Hoechberg, Germany) were applied via a tightly fitting face
mask.

Results: @mpared to controls, pulmonary dysfunctions in pigs challenged with PRRSV were
characterized by: i) alterations in pattern of breathing: significantly higher respiratory rates,
significantly lower tidal volumes, increased minu@tilation ii) changes irespiratory
mechanics: significantly elevated respiratory
more prominent during expiration (Rex) than during inspiration (Rin); significantly lower
respiratory reactance (X) which became negatspecilly at frequencies below 10 Hz as well

as significantly elevated resistance of distal airways (Rdist) iii) changes in diffusion capacity:
significantly reduced transfer factor for carbon monoxide iv) changes ingi@hation:

significantly reduced entidal carbon dioxide concentration and significantly reduced-CO2
volumes exhaled per breath

Conclusions: Acute infections with PRRSV were associated with obstructive and restrictive
disorders as well as ventilatory asynchronisms leading to deterioratipnbrionary gas
exchange. The work was founded by OAkademie

30



2009 International PRRS Symposium

8
Establishment of a porcine alveolar macrophage cell line stably
expressing porcine CD163 permissive for PRRSV replication.

Y. Lee*, E. Nam, and C. Lee.
Department of Microbiology, Kyungpook National University, Daegu, South
Korea.

Porcine reproductive and respiratory syndrome virus (PRRSV) primarily replicates in porcine
alveolar macrophage (PAM) cells. However, an immortalized porcine cell line derored fr
primary PAM cells was shown to be nonpermissive for PRRSV infection and the reason for this
unusual result is presently unknown. Current data provide strong evidence that CD163 is only
receptor closely associated with productive infection of PRRSVe&tensive experiments
revealed that the continuous PAM cell line does not express detectable levels of native porcine
CD163 (pCD163). These results further suggest that the lack of PRRSV permissivity might be
the result of the absence of detectable CD&68I$ on the cell surface. In the present study,
therefore, we attempted to stably transfect nonpermissive PAM cells with pCD163 cDNA to
generate cell lines constitutively expressing pCD163 and to evaluate their susceptibility to
PRRSV. The newly establisd PAM cell lines were shown to express robust levels of pCD163
and subsequently, demonstrated to be completely sufficient to confer susceptibility to both type 1
and 2 PRRSV strains. This PRR®¥rmissive PAM cell line will be a valuable tool not only to
facilitate virus isolation and propagation in vitro but to advance in vitro studies regarding virus
pathogenesis and cell biology.
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Modulation of type | interferon production and evasion strategies of
PRRSV from the host defense.

D. Yoo*!, O. Kim!, C.Sond, Y. Surl, Y. DU, and H.C. Lid.
lDeg)t.of Pathobiology, University dflinois at UrbanaChampaign, Urbana,
IL. “Dept. of Animal Science, North Carolina State University, Raleigh, NC.

The hallmarks of PRRSV infection are a negligible responsiyer| interferon IFNO/ b) and
the viral persistence in infected pigs. We show in the present study that the PRRSV non
structural protein 1 (Nsp1l) is the viral component responsible for modulation of IFN response.
While NspilU was f oyunodp |taos nbiec ,e xNcslpulsbi wealsy ncuc | e a
subunits blocked the dsRNidduced IRF3 activation as determined by luciferase reporter and
GFPR-expressing vesicular stomatitis virus assays. Nspl did not block the IRF3 phosphorylation

or its nuclear traslocation but inhibited the IRF3 association with CREBdingprotein (CBP)

in the nucleusWhile IRF3 was stable, CBP was degraded in the presence of Nspl, and CBP
degradation was proteosordependent. Our data indicates that Nepediated CBP degradatio

results in the inhibition of CBP recruitment to IRF3 for enhanceosome assembly, leading to the
block of IFN response during infection. Using a yeast two hybrid assay, PIAS1 (protein inhibitor
of activated STAT1) was identified as the specific cellulatraa for Nspl1. The cellular

localization of Nsp1 was redistributed in the presence of PIAS1, and Nspirdguwated IFN
stimulated response elements (ISRE) when stimulated with IFN. Taken together, our data reveals
the novel strategies of PRRSV for etige evasion from the immune surveillance of the host.
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Analysis of 39 porcine type | interferons: expression and activity
against PRRSV.

Y. Sangd*, R.R.R. Rowlan§ andF. Blecha.
Departments ofAnatomy and Physiology, af®iagnostic Medicine and
Pathobiology, College of Veterinary Medicine, Kansas State University,
Manhattan, KS.

Type I interferon (IFN) comprises a heterogeneous group central to innate and adaptive antiviral
immune responses. The objective of this study was to determine théetonepertoire of

porcine type | IFNs, their expression profile in pig tissues, and activity against porcine
reproductive and respiratory syndrome virus (PRRSV). Results to date show that porcine type |
IFNs comprise at least 39 functional genes distethaiong draft genomic sequences of
chromosomes 1 and 10. IFN genes are classified into 1-alffiN subtypes, 11 IFNelta

subtypes, 7 IFRbmega subtypes, and singlebtype subclasses consisting of {eldhaomega,
IFN-beta, IFNepsilon, and IFNcappa. $ing a reatime RT-PCR array, basal expression of

some subtypes was identified in tissues of intestine, liver, lymph node, skin, spleen and testis
from healthy pigs; and modulated expression of several subtypes was demonstrated in lung and
porcine alveolamacrophages during PRRSYV infection. Pretreatment of MARE cells

showed the greatest afRRRSV activity within the IFMNalpha group, with IFNalpha6

exhbiting the greatest activitynterestingly, IFNomega5 and IFNalphaomega also exhibited

high antiviral activity. Several IFNs, including IFNelta (all subtypes), IF¢psilon, IFNomega

(1, 2, 3, and 4) and IFdIpha7/11 exlibited minimal or no activitySimilar results were

obtained in MARG145 cells transfected with constructs that expressedydfiéds. Promoter

assays for MxA, IFN regulatory factor 3 (IRFf and IRF7 showed the best correlation of

antiviral adivity with activation of MxA.These results illustrate important properties of IFN
related to the control of PRRSV infection, includimgextremely wide variation in aRBERRSV
activity among the different subtypes. This study identified several novel IFNs, which should be
considered in the formulation of afRRRSV therapies and vaccines.
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Using mathematical models to gain insightnito host pathogen
interactions during PRRSV infection.

A.B. DoeschiWilson'*, andLucina GalinaPantoja.
Sustainable Livestock Systems, Scottish AgriculturaCollege, Edinburgh, UK;
2 Pig Improvement Company, Hendersonville, TN, USA. Now at Pfizémah
Health, US Swine Veterinary Services.

Molecular and immunological studies have shed light on a variety of cellular mechanisms
involved in the host response to PRRSYV infections. Nevertheless, the role of many of these
mechanisms and of their interacts for observed infection characteristics and eventual virus
clearance is not fully understood. The aim of this presentation is to demonstrate how
mathematical models can enhance our understanding of host pathogen interactions during
PRRSYV infection byntegrating diverse molecular and immunological findings into a
comprehensive quantitative framework and by exploring hypotheses emerging from
experimental studies. The mathematical model for h&®RRSV interaction developed in this

study aimed to addresise following specific questions (i) What causes the decline in virus load
at the early stage of infection before the onset of an effective adaptive immune response? (ii)
What role do cytotoxic T cells and virus neutralizing antibodies play in cleaengféction?

(i) How does host genetics in susceptibility to PRRSV influence infection characteristics and
how could this be exploited for controlling the diseable& model results were anagd in

context of published data. The results suggest thas diecline at the acute stage of the infection
could be due to changes in macrophage permissiveness and that cytotoxic T cells are vital for
eventually clearing the infection. Also, the
potential to nobilize crucial cellular or humoral immune response components can manifest
themselves in large differences in the observed immune response and in the infection
characteristics. This may partly explain the large between animal variation in immune response
and virus load observed in experimental studies. We conclude by making inferences for the
interpretation of observations from previous experiments as well as by providing suggestions for
new experimental avenues.
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PRRS Host Genetics Consortium: Currat Progress.

J.K. Lunney*, J.P. Steibé| J. Reecy, M. Rothschild, M. Kerrigar{, B. Tribl€',
andR.R.R. Rowland.

'USDA, ARS, BARC, APDL, Beltsville, MD?Depts. Animal Science, and
Fisheries and Wildlife, Michigan State Univ., East Lansing, JEpt. Animal
Science, lowa State Univ., Ames, IIRept Diagnostic Medicinand

Pathobiology, Kansas State Univ., Manhattan, KS.

The porcine reproductive and respiratory syndrome (PRRS) Host Genetics Consortium (PHGC)
was developed to determine the role oftlgenetics in resistance to PRRS and in effects on pig
health and related growth effects. The PHGC is a mgakir project that is funded by a US
consortium representing the US National Pork Board (NPB), USDA, universities and private
companies; it represss the firstof-its-kind approach to food animal infectious disease research.
The project uses a Nursery Pig Model to assess pig resistance/ susceptibility to primary PRRSV
infection. Crossbred pigs from high health farms were donated by commercialssanice
transported at weaning to the biosecure Kansas State University facilities. After acclimation, the
pigs were infected with PRRSV and followed for 42 days post infection (dpi). Blood samples
were collected at 0,4,7,10,14,21,28,35 and 42 dpi and weekghts recorded. DNA from all

PHGC pigs has been prepared and is being genotyped with the PorcineSNP60 Genotyping
BeadChip (containing over 60K single nucleotide polymorphisms or SNPs). Data is being
collated in the PHGC relational database at lowa &taie. Results from the first 4 trials of 200

pigs each have affirmed that all pigs become PRRSYV infected; some pigs clear virus from serum
qguicker and weight effects are variable. Multivariate analyses of viral load and weight data have
identified PHGC ms in different virus/weight categories, so that ongoing serum cytokine and
gene expression studies can compare data from PRRS resistant/maximal growth pigs to PRRS
susceptible/reduced growth pigs. The USDA PRRS Coordinated Agricultural Project (PRRS
CAP)and NRSP8 Swine Genome Coordinator are supporting theo$ttte-art whole genome
association and SNP chip analyses to identify genetic determinants of resistance/susceptibility.
Overall, the PHGC project will enable researchers to verify importantymesoand phenotypes

that predict resistance/susceptibility to PRRSV infection.
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Characterization of PCV2 growth in R1BL cells.

Sumathy Puvanendiran and Michael P. Murtaugh.
Department of Veterinary and Biomedical Sciences, University of Minnesota,
St. Paul, MN.

Porcine Circovirus type 2 (PCV2) is a small, remveloped virus with a singkranded DNA
genome. It causes a variety of disease syndromes collectively referred as Porcine Circovirus
Associated Disease (PCVAD) and has been identified i sngae producing countries

worldwide. The mechanism of pathogenesis is unclear, though it is believed that high viral loads
contribute to histological lesions. P¥5 and ST cells are widely used to grow PCV2, but the

virus does not grow to high titer iitleer cell line, thus complicating the study of cellular
pathogenesis. R1BL, a cell line, obtained from porcine fetal retinal tissue, also is permissive to
PCV2. We hypothesize that R1BL cells support efficient PCV2 replication, and thus will serve
as a mdel to study PCV2 cellular biology. As a first step, we report here the comparative
growth characteristics of PCV2, both genotypes A and B, in PK15 and R1BL cell lines by
quantitative PCR, TCID50 and immunofluorescence. Our results reveal that PCV2 igrowth
significantly higher in R1BL compared to PK15 cells. Although, the pattern of PCV2 capsid
distribution is similar in both cell lines, 96 h after infection there was fragmentation of nuclei,
which was cdocalized with PCV2 capsid, in R1BL cells but motPK15 cells. The growth
characteristics of both cell lines were analyzed by monitoring the amount of DNA at different
time points. Our results show that R1BL cell line grows slowly and that a high density of cells is
necessary at the time of seeding canepl to PK15 cells. Although R1BL cells grow slowly,

DNA content during first 48 h is higher than PK15 cells. Since PCV2 is a DNA virus and
depends on the host cell for replication, early cell cycle events could influence its replication.
R1BL cells are cosidered as mesenchymal in origin and permissive cells for PCV2 in pigs
include lymphocytes, which are also mesenchymal in origin. We conclude that R1BL cells are a
good model for elucidation of PCV2 growth and cellular pathogenesis in vivo.
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Results d a program of live virus vaccine and avian specific
immunoglobulins against PRRSv to stabilize a farm and improve
productive parameters.

*JD Herrerd, E. Lucid, W. GonzéaleZ J. Chapg C. PéreZ A. Castilld,
andJM Doporto?
Investigacion Aplicad S.A. de C.V, Tehuacan, Mexicdndependent advisors.

Our objective was to evaluate the results of a program based on the use of avian specific
immunoglobulins and a live virus vaccine against PRRSv on pig production parameters. The
subject of this sty was a multisite farm with 4,000 sows located in central Mexico. The

following application schedules took place: 4 applications per year of the live vaccine were given
to all breeding swine. Avian immunoglobulins (two initial doses of 5 mL of InmunoPRRS®

were applied at the beginning of the program. Additional 5 mL doses were given to all sows
reaching 70 and 85 days of gestation. Subsequent applications were performed on all breeding
swine 3 times per year. Results were obtained from samples of 3saiteesed every month

starting at the beginning of the program. The geometric means of S/P values were positive in
March (1.073); S/P values became negative in May (0.383) and continued to decrease during the
following months until a minimum value of 0.0%f&s reached in October. While S/P values do

not indicate immunity, they do show the constancy of viral circulation in infected animals. As a
results of the PRRS control program production parameters improved. Comparisons showed that
versus the last virairculation there was a significant decrease in abortions, from 11.38 to

1.09%; in mummies from 6.9 to 1.3%; and in farrowing mortality from 12.5 to 4.94%. This
correlated with a substantial increase in fertility, from 81.9 to 90.9%. Overall our reswitgsh
decrease of the virus presence in the farm as can be observed in the aforementioned S/P values,
thus it is highly recommended to establish similar programs in order to control and prevent the
negative effects PRRSv exerts over the economic investmiesisne producers.
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An infection model for the study of PRRS at the population level.

R.R. R. Rowlant, M. Kerrigar', S. Bujurd, B. Trible', andJ.K. Lunney.
'Dept Diagnostic Medicine arflathobiology, Kansas State Univ., Manhattan, KS;
?USDA, ARS, BARC, APDL, Beltsville, MD.

Experimental studies of PRRSV infection typically involve relatively small numbers of pigs.

This type of approach does not accommodate the large variability often encountered when
measuring PRRSVYelated outcomes, such asus load, immunity and performance. Another
limitation is the inability of limited experimental studies to accurately reproduce observations
made in the field. The PRRS Host Genetics Consortium created the opportunity to characterize
phenotypic outcomesiilarge experimentally infected populations. Each trial incorporated a

single group of 190 pigs which were divided among 14 pens and challengddnegeks of age

with PRRS isolate NVSL 97985. A separate pen contained a group of 10 uninfected reference
pigs. Blood samples were collected on days 0,4,7,10,14,21,28,35 and 42 and weights recorded
weekly. PRRSV level in serum was measured using the AgPati commercial PRRS RT

PCR assay and results recorded as log10 number of templates per reactiorteshdgplotus

level vs day. Virus load was calculated by measuring the area under the PCR curve. To date, a
total of three (3) trials incorporating 570 infected pigs have been completed. The results revealed
the appearance of stratified subpopulations Wwpiassessed wide variations in weight, virus load
and growth performance. The greatest impact was on weight, with only about 30% of infected
pigs in the same weight class as the reference pigs. Virus replication followed the typical pattern,
except for abot 15% of pigs, which showed a reactivation of virus replication at 35 or 42 days.
Plotting virus load versus average daily weight gain (ADWG) showed little correlation between
growth and virus load (R2 values of .04, 0.1 and 0.2 for the regressionflthestioree trials). In

each trial, a subset of pigs possessed high A
reproduces many of the observations made in the field, including the appearance of
subpopulations of pigs that would otherwise beviewesd fAiout | i er so6 i n small e

studies. The presence of virusaegtivation revises our current understanding of PRRSV biology
and persistence. A subpopulation of pigs that maintain a high virus load in the absence of an
apparent negative impact growth identifies pigs that are tolerant to infection and helps explain
the stealthy introduction and spread PRRSYV infection. Supported by National Pork Board grant
#07-233.
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Quantitative changes of sialoadhesin and CD163 positive
macrophages in thamplantation sites and organs of porcine
embryos/fetuses during gestation.

Uladzimir U. Karniychuk* and Hans J. Nauwynck.
Laboratory of Virology, Department of Virology, Parasitology and Immunology,
Faculty of Veterinary Medicine, Ghent University, Méreke, Belgium.

Porcine reproductive and respiratory syndrome virus (PRRSV) crosses the placenta most easily
in the last third of gestation. Further, PRRSV does not replicate in preimplantation embryos but
does replicate in postimplantation embryos andsies. The present study was aimed to find an
explanation for these observations by localization and quantification of the macrophages
carrying two entry mediators that play a crucial role in PRRSV replication, sialoadhesin (Sn) and
CD163, in the implantatn sites and organs of embryos/fetuses during gestation. Uterus and
embryos or organs (liver, spleen, lungs) from fetuses were obtained from pregnant PRRSV
negative sows at different days of gestatiori 8%) 50 60, 70 80, 114) and Sn and CD163

specific immunofluorescence stainings were performed. Semiquantitative evaluation revealed the
highest number of Sn+ and CD163+ macrophages in the placentas of fetuses at 114 days of
gestation. In endometrium and placentas, two macrophage subsets were obseBRIE 5N

and Sn+CD163+. In the ntglestation fetal placentas (3D days of gestation), most CD163+
macrophages were Sn negative. In the embryos and fetal organs, the percentages of Sn and
CD163 positive cells were determined per 1000 cells. The number afreh&D163+

macrophages in organs increased during gestation. In the liver, the Sn+ and CD163+
macrophages were most abundant (Sn#:4B17%; CD163+: 22i(65.0%); the lowest number

of Sn+ and CD163+ macrophages was observed in the lungs (Q5t2%; CD18+: 4.0

19.3%). Double immunofluorescence staining revealed three macrophage subsets in the spleen:
Sn+CD163, SntCD163+ and Sn+CD163+; and two macrophage subsets in the luRgs: Sn
CD163+ and Sn+CD163+. The present results show clear changes in the aqd&riityand

CD163+ macrophages in the placentas and organs of embryos/fetuses during gestation which
most probably have a physiological basis. The absence of Sn on macrophages in the fetal
placenta at migjestation might explain the difficulty for PRRSVdpread transplacentally at

this stage of gestation.
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The M/GP5 glycoprotein complex of porcine reproductive and
respiratory syndrome virus binds the sialoadhesin receptor in a
sialic acid-dependent manner.

Wander Van Breedafh Hanne Van Gorh Jiquan Q. Zhang Paul R. Crockér
Peter L. Delputteand Hans J. Nauwyntk
L aboratory of Virology, Department Virology, Parasitology and Immunology,
Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium.
“Division of Cell Biology and Immuology, Wellcome Trust Biocentre, University
of Dundee, Dundee, Scotland, UK.

The porcine reproductive and respiratory syndrome virus (PRRSV) is a hmajaitd swine

health worldwide. The virus infects specific subsets of porcine macrophages, cayee pi

the immune system, and can persist in animals for extended periods of time due to a hampered
immunity. The macrophaggpecific lectin sialoadhesin is a crucial virus receptor on
macrophages and although its role in PRRSV infection is well docedhatd viral counterparts
have remained elusive. The objective of this study was to identify PRRSV ligands for the
sialoadhesin receptor and to characterize their interaction with sialoadhesiuble form of
sialoadhesin was constructed by fusing4hé-terminal domains of sialoadhesin to the &od
hingeregion of human IgG1. This recombinant receptor displayed a similar binding functionality
as wild type sialoadhesin, as it showed sialic-eandl PRRSWinding activity. Using the

soluble receptothe M/GP5 glycoprotein complex of PRRSV was identified as a ligand for
sialoadhesin. Interestingly, this liganelceptor interaction was found to be critically dependent

on sialic acids lining the virion surface. These data represent a major breaktnrtuegh
understanding of the role of PRRSV proteins in viral entry and pave the way for the development
of a new generation of PRRSV vaccines capable of inducing an immunity that specifically
blocks the interaction between viral M/GP5 and sialoadhesin.
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PRRSYV replication suppresses type | interferon signaling

D. Patel and Y. Zhang.
Department of Veterinary Medicine, University of Maryland, College Park, MD

Type | interferons (IFNs), IFNU/ b, pl ay an i mportant role in ir
infections by inducing antiviral responses. Like many other RNA viruses, PRRSV appears to

evade the antiviral responses by interfering with the production of tfgisl To further define

the mechanisms of PRRSKduced inhibition of innate immunity, we examined the effect of

PRRSV replication on type | IFN activation and signaling. In the present study, we found that

PRRSYV replication in cultured cells can intetrtfN-U s i gnal i ng pat hway. Th
IFN-stimulated genes in PRRSkfected cells was significantly reduced. Further investigation

showed that PRRSYV replication interferes with the-iRluced JAK/STAT signaling pathway.

Detail mechanisms for thaterference in PRRSYhfected cells are beingqalyzed and will be
presentedThese findings suggest that PRRSV infection can interfere with the activation and
downstream signaling pathway of type | IFNs.
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Porcine reproductive and respiratory syndromevirus (PRRSV)
nonstructural protein 1 (nsp 1) functions as an interferon
antagonist.

Z. Chen, X. Zhod, Z. Suri, S. Lawsonh E.A. Nelson, J. ChristopheHennings,
andY. Fandg'2
'Dept. ofVet. Science?Dept. of Biology/Microbiology, SDSU, Brookirsg SD.

PRRSYV infection significantly blocks innate awmiral interferon responses, suggesting that
specific PRRSV proteins have developed mechanisms to modulate the htsinmmune
responseln this study, we determined that the PRRSV nspl proteithibaability to antagonize
betainterferon (IFNb ) r e sTheoPRRSV 1spl is predicted to be proteolytically processed

from the replicase polyprotein, pplab, into n
we specifically detected t heavagestesbatween of nspl
nsplU/nsplb and nsp1lbteimmsigoequercingeanalysise nt i fi ed by
| mmunofl uorescense assay results showed that
localize into the cell nucleuBurther analysis revealed thatbots p 1 U and ndyp1lb dr a

inhibited IFNND e x p rHeoswsei voenr., t he nsplb, but not nsplU,
from an interferorstimulated response element (ISRE) promoter after infection with Sendai

virus or treatment with interferomhers p1 b was al so determined to i
of STAT1in JAK-STAT signaling pathwayl hese results demonstrated
interferon synthesi s an dstlseisypthesi$ daf intgyferonlub, it e nsp
appeas t hat the two autocleaved products of nsp]
inhibit interferon response$hese findings provide important insights into the mechanisms of

how nspl contributes to PRRSV pathogenesis and how this may impact fataneev

development strategies.
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Analysis of mutations in ovarian tumor domain (OTU) of PRRSV
nonstructural protein 2.

Z. Surt, Z. Chen, X. Zhod, andY. Fand'2
'Dept. of Vet. SciencéPept. of Biology/Microbiology, SDSU, Brookings, SD.

The FRRSV nsp2 contains an ovarian tumor (OTU) domain. Previous studies demonstrated that
OTU domain has deconjugating activity towards ubiquitinated (Ub) and ISGylated products, and
consequently inhibits the activation of innate immune pathways. To deteriné@tbex the nsp2
antagonist function can be ablated from the virus, we introduced point mutations targeting on a
protein region, 7Z2DDWASDYD, which is predicted to be at the surface of the OTU domain.
Sequence analysis revealed that this region contaiiteatified B-cell epitope and is well

conserved among different strains. The D72A, D73A, W74A, S76A, D77A, or D79A mutation
was introduced using a fukkngth cDNA infectious clone, pSD@I8. The D72A, S76A and

D79A mutations generated the viable recombinaruses. To determine whether these

mutations could alter the virus effect on the innate immune response, these OTU domain mutants
were cloned into a transient expression vector, and tested in-&B NFOmMoer luciferase

reporter systemlhe result regaled that W74A mutation impaired the ability of nsp2 to inhibit
NF-kB expression, while certain level of increase in luciferase reporter signal was observed in
D72A, S76A or D79A mutant. Current research is directed to determine whether these mutations
could change the ability of nsp2 on {#nd ISG1Edeconjugation.
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Amino acid substitutions in the selected nonstructural and
structural proteins of PRRSV determine the viral virulence in pigs.

W. Kim'*, D. Surl, Y. Chd, S. Liu", A.T. Loynachaf V.C.Coopet,
andK.J. Yoor.
College of Veterinary Medicine, lowa State University, Ames 2Department of
Veterinary Science, University of Kentucky, Lexington, KY.

In a previous study, it has been shown that attenuated live viruses (hereafter,rbfiliiéate

better in MARCG145 monkey kidney cell line than their parental wige viruses, while the
replication of MLVs in porcine alveolar macrophages is greatly diminished as compared to the
wild-type viruses because MLVs were adapted to MARIG for dtenuation. Five amino acid
substitutions in ORFs 1a, 1b, 2, 5, and 6 were identified to be associated with the observed
different phenotypes between an MLV (Ingelvac® PRRS MLV) and its parental virulent virus
(VR2332) through evaluation of various mutaotsstructed to contain one or more of the five
identified sequences in a VR23Backboned infectious clone. In the present study, the role of
the five amino acids in the viral virulence was investigated further by assessing the virulence of
five mutantsm pigs. Fiftyone PRRSMree pigs were purchased and randomly assigned to 1 of 8
rooms. The pigs in each room were challenged with 1 of 7 PRRS viruses (4 mutants designated
as SP26, SP256, SP1b256, and SP1ab256 which contained the identified sequdREsslat O

1b, 2, 5 and/or 6 as indicated in their names; MLVS whose structural genes were completely
substituted with those of the MLV; cVR2332 which was rescued from the original infectious
clone, and MLV) or sham inoculum. The pigs were daily monitoredliioical responses (i.e.

body weight and temperature) and bled twice a week until 28 days post challenge (dpc) to
determine the levels of viremia and antibody response. Necropsy was performed for pathological
evaluation and lung scores at 10 and 28 dpe. digs challenged with the mutant viruses

produced no or significantly lower levels of clinical symptoms and viremia as compared to
VR2332 (p<0.05). The five amino acids were additively involved in the attenuation of viral
virulence. No difference in vimia levels or lung scores was observed between MLV and
SP1ab256 which contained all five sequences. These results suggest that the five amino acids
located in both nonstructural (ORFs 1a and 1b) and structural (ORFs 2, 5, and 6) genes are
responsible fortte virulence of PRRSV in pigs.
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Transcriptional Dynamics in PRRSV-infected tissues.

C. W. Beattie*, S. L. Brockmeigrand E. F. Retz2l
1Dept of Surgical Omlogy, University of III|n0|sCh|ca%o Chicago, IL.
2USDA ARS National Animal Disease Gen, Ames, IA>Genomics and
Bioinformatics, National Center for Genome Resources, Santa Fe, NM.

This project addresses the critical relationship between Porcine Reproductive and Respiratory
Virus (PRRSv) and its host. In previous work, we comparededts of AffymetrixTM

microarray interrogation of alveolar macrophage (PAM) and tracheobronchial (TBN) lymph

node RNA from four month old boars and gilts 4, 7, 14, anda¥s gost PRRSv exposure (dpi).

In this work, we developed gene expression profiles transcriptome sequence generated by

very high throughput whole transcriptome shotgun resequencing (lllumina® sequbycing
synthesis) and developed digital transcript expression profiles (DTE) from a subset of identical
PAM and TBN RNAs. We used AlpheTM and GMAP/GSNAP to compare sequencing results

to pig unigene assemblies, the partial pig genome sequence, the human and PRRSv genome
sequences to identify synonymous and-sgnonymous variants (SNPs, indels) and alternative
splicing within host genesnd mutations in the PRRSv during a persistent infection. We also
document the expression of new genes and exons not previously observed in the known porcine
transcriptome, inciding transactivating factorg/e document the dynamic relationship between
hod and viral gene expression using SAS JMP Genomics as a first step toward developing leads
that define host response to PRRSV to better control infectivity and reduce persistence of the
PRRS virus. As we uncover coordinately expressed gene profiles, Meteglkate array and
sequencing results through software developed at NCGR and deposit an annotated view at NCBI
that is available to the community.
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Analysis of typel IFN pathway activation in PAMs with chimeric
PRRSV strains.

C.Overend*, R. Maganti*, M.J. Grubmaf andA.E. Garmendid.
'Department of Pathobiology and Veterinary Science, University of Connecticut,
Storrs, CT?Plum Island Animal Disease Center, USIARS, Greenport, NY.

Since the emergence of porcine reproductive and respitodrome virus (PRRSV), many

challenges remain for the scientific community #mel swine industry worldwiddxtensive

research on virubost interactions has been conducted over the last 20 years however, relatively
little is known about the mechanistisit PRRSV has evolved to circumvent the host innate

response. This results in saptimal adaptive responses leading to inefficient clearance of the

virus, persistent ir@ction and prolonged sheddirgeveral groups have demonstrated that

PRRSV is capablef inducingt anscri pti on of | FNb and sever al
(ISGs) in porcine alveolar macrophages (PAMs). However, downstream activities remain
unresolved, such as the fate of traipes or translation productBreliminary studies in our

laboratoryindi cat e that field i1isolates of PRRSV are c
flow cytometric deteiion of intracellular proteinlNe ver t hel ess, producti on
measured as a marker of ISG production, was not detectable by ELISA suggestegfialp
virus-induced blocking of the IFNAR signaling pathway. Gaining an understanding of control of
type |l IFN pathways by PRRSV is of substantial importance in the overall knowledge of the
pathogenesis of PRRS. To this end, a series of recombinardrahirimuses (kindly provided by

Drs. Pattnaik and Osorio, University of Nebraska), constructed from virulent and vaccine strains,
are being utilized as tools to study IFN activation, potential mechanism(s) of evasion of host

innate responses and for idénation of viral components affecting the typ&N pathways.
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The porcine reproductive and respiratory syndrome virus requires
trafficking through CD163 positive early endosomes, but not late
endosomes, for productive infection.

Hanne Van Gorp*, \@nder Van Breedam, Peter L. Delputte and
Hans J. Nauwynck.
Laboratory of Virology, Department of Virology, Parasitology and Immunology,
Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium.

The porcine reproductive and respiratory synae virus (PRRSV) has a restricted tropism for
subsets of differentiated porcine macrophages. To date, two macreggeyec molecules have
been described to be involved during PRRSV entry in macrophages, namely sialoadhesin and
CD163. Incubation of maophages with sialoadhesior CD163specific antibodies showed that
sialoadhesin functions as PRRSV attachment and internalization receptor. CD163 was shown not
to function as an attachment receptor but rather during a later step in PRRSV entry. Confocal
analysis of PRRSV entry in ngpermissive cells expressing only sialoadhesin showed PRRSV
internalization but not uncoating. In contrast, when both sialoadhesin and CD163 were
expressed, PRRSV was uncoated upon internalization resulting in productiviemfect

indicating a role for CD163 in PRRSV uncoating. Although the relative wealth of information
regarding the initial steps of infection, questions remain. In this study, we aimed to identify the
endocytic compartments needed for productive PRRSV infedtiarthermore, colocalization
between PRRSV and sialoadhesin and CD163 along the endocytic pathway was investigated to
determine their specific site of action. Using domiraegative Rab5 and Rab7 mutants, it is

shown that upon internalization, PRRSVerstearly endosomes but does not continue through

the endocytic pathway up to late endosomes. This was confirmed via colocalization experiments
visualizing PRRSV and markers for different compartments of the endocytic pathway.
Furthermore, it was shown thARRSV colocalizes with its attachment and internalization

receptor sialoadhesin on the cell surface and beneath the plasma membrane, while CD163 and
PRRSV only meet in early endosomes, supporting the described roles of both molecules.
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PRRSV N Sifbitsthbst type | IFN response by antagonizing
IRF3 activation.

Lalit K. Beura*®, Saumendra N. SarkaSakthivel Subramaniam
Byungjoon Kwori, Clinton Jone’s Asit K. Pattnaik, andFernando A. Osorio
'Nebraska Center for Virology and Dept. of ¥éhary Biomedical Sciences,
Univ. of Nebraska, Lincoln, NEUniversity of Pittsburgh Carc Institute and
Department oMicrobiology and Molecular Genetics, University of Pittsburgh

School of Medicine, Pittsburgh, PA.

Porcine reproductive and respimatesyndrome virus (PRRSV) infection of swine leads to a

serious disease and is a cause of substantial economic losses in the swine industry worldwide.

The adaptive immune response to PRRSV infection is characterized by delayed appearance of
neutralizing atibodies and slow developmentofvi)bgspeci fi ¢ | FN2 response.
that a suboptimal innate immune response is responsible for the defective adaptive immune
response and contributes towards disease pathogenesis. Type | IFNs are key moleoats in

immune response and PRRSV has been shown to be a poor induceff IFNI n t hi s st ud
confirmed previously observed poor IFN induction by PRRSV in porcine monocyte derived

dendritic cells and investigated the role of PRRSV-sipactural proteingNSPSs) in

antagonizing IFN production. Five out of the total 13 PRRSV NSPs were found to have strong to
moderate inhibitory effectsonIFBl pr omot er acti vati on. NSP1 ( wh
processed to NSP1U and NSPrybffectfellawed by N§P8,d t he s
NSP11, and NSP4. Subsequently, we focused on understanding the mechanism of this inhibition
using NSP1U, NSP1b and NSP11. All three prote
signaling pat hways. N 8dPSkridai @rnMspndueesd activation cARIG o0 s u p
medi ated signaling pat hway. NaSBdPNEFH Bdepanslentfgenand t o
inductions by dsRNA. Moreover, dsRNAduced phopshorylation and nuclear translocation of

IRF3 were strongly inhibited MSP1b. I nitial mutational studie
protease active site residues (Cys and His) i
required for its | FN i nhi b-médatedysubvecsioreof hodtve pr op
type | IFNresponse play an important role in PRRSV pathogenesis.

48



2009 International PRRS Symposium

28
Increased cytotoxicity is observed following in vitro ceinfection of
cells with porcine reproductive and respiratory syndrome virus and
Actinobacillus pleuropneumoniae.

Cynthia Lévesque*, CaA. GagnonandMario Jacques.
Groupe de recherche sur les maladies infectieuses du porc (GREMIP) and Centre
de recherche en infectiologie porcine (CRIP), Faculté de médecine vétérinaire,
Université de Montréal, Saityacinthe, Québec, Canada.

Pigs areoften colonized by more than one bacterial and/or viral species during respiratory tract
infections. This phenomenon is known as the porcine respiratory disease complex (PRDC).
Actinobacillus pleuropneumonig¢@pp) and the porcine reproductive and respmasyndrome

virus (PRRSV) are pathogens that are involved in the PRDC. The objective of this project is to
study the in vitro interactions between these pathogens and the host cells in the context of single
or mixed infections. The pathogens used are #@ptype 1 strain S4074 and the PRRSYV strain
IAF-Klop. Two different cell lines permissive for PRRSV infection and replication were

infected; StJude porcine lung (SJPL) and MARI@5. A preinfection with PARRSV was

performed at a MOI 0,fllowed by an inéction with App at a MOI 10:1. Cell death and

bacterial adherence were compared. Preliminary results show that a PRIRSG infection

increases cytotoxicity approximately 2 folds for the SJPL cell line and 5 folds for the MARC

145 cell line compared tosale pathogen infection, as determined by lactate dehydrogenase
dosage. These results were obtained with aipéesttion time of 72 hours with PRRSV and an
infection of 2 hours with App. However, in these conditions, the viralrgeetion did not seem

to influence bacterial adherence to the cells. The same results were observed with both cell lines.
The development of an in vitro experimental model of viral and bacteriafection will lead

to a better understanding of the interactions between gaoteus and host cells, and could

allow the development of prophylactic and therapeutic tools effective against mixed infections.
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Interaction of PRRSV Nspl and the cellular transcription factor
PIAS1 (protein inhibitor of STAT1).

C. Sond* H. C.Liu? P. Krelf, and D. Yo4.
'Dept. of Pathobiology, UnlverS|ty of Guelph, CanaddDept. of Animal
Science, College of Agriculture and Life Sciences, North Carolina State
Unlver3|ty *Dept. of Molecular and Cellular Biology, University of Guelph,
Canala.’Dept. of Pathobiologyniversity of lllinois at UrbanaChampaign,
Urbana, IL.

For PRRSYV the cytoplasmic RNA virus, a fraction of Nsp1l is specifically targeted to the
nucleus, suggesting that this protein may play a role in pathogenesis during RR&8Yn via
interaction with a cellular nuclear protein. To elucidate the mechanism of Nsp1 nuclear
localization, yeast two hybrid screening was performed. The protein inhibitor of activated
STATL1 (PIAS1) was specifically identified as a cellular parfoeNsp1.Nspl is a papatike
proteinase and autocleaved into two products, Mgl NspB. Although fractions of both
Nsplx and Nspp are resident within the nucleus, they displayed different patterns of subcellular
localization. In gene transfectedlls, GFRNsplx localized mainly in the cytoplasm whereas
GFP-Nsp1B was predominately localized in the nucleus. Both Nspid Nspp co-precipitated
PIAS1 when they were eexpressed in mammalian cells, and the PIAS1 interaction was
confirmed by GSTpull down assay using GSNsplo and GSTNsp1B expressed in E. coli.
Mechanisms of the Nsp2PIAS1 and Nspfi-PIAS1 interactions may differ from each other.
When ceexpressed in HelLa cells, subcellular distribution of Nswas altered by PIAS1 to
target to the ntleus, while such redistribution was not observed for RspP1AS1 plays
important roles in the NikB and IFN pathways and therefore Nspl may participate in
modulating the PIAS function during PRRSV infection.
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Identification of immunodominant T -cell epitopes present in matrix
protein of the highly pathogenic porcine reproductive and
respiratory syndrome virus strain HuNA4.

Ya-Xin Wang', Yan-Jun Zhod, GuoXin Li*, ShanRui Zhang, Yi-Feng Jiany
Ao-Tian Xu', Hai YU', MengMeng Wang, Li-Ping Yari, Zong-Yan Cheng,
Zhi-Jun Tiad, andGuangzhi Tong™*
'Division of Swine Infectious Diseases, Shanghai Veterinary Research Institute,
Chinese Academy of Agricultural Sciences, Shanghai, ChNational Key
Laboratory of Veterinary Biotechnology, Harbintégnary = Research Institute,
Chinese Academy of Agricultural Sciences, Harbin, China.

Porcine reproductive and respiratory syndrome virus (PRRSV) is considered to be one of the

most important infectious disease agents of pigs worldwide. Thenedilatedmmune response

is presumed to play an important role in resistance to PRRSV infection. Matrix protein encoded

by ORF6 has been considered very important to arouse the neutralizing antibody response and
cellular immune responses against PRRSV infectiorassto confirm and characterize thedl

epitopes of Matrix protein of the highly pathogenic PRRSV strain HuN4 F112 (an attenuated

vaccine of highly pathogenic PRRSV), ELIspot analysis with overlapping peptides was used.

Based on bioinformatic analyswsverlapping peptides were designed in sequences of fifteen

amino acid residues overlapping by eleven, to span the entire M protein regieanfititdacid

residues in length). Five afayage PRRSYhegative minipigs were chosen in this study. All

pigs wee vaccinated with HUN#112 and then were bled 4 weeks later, 29 pentadecapeptides
spanning matrix protein were screened for their ability to elicit a recall interferorf -b F N

response from PBMCs using swine BN EBdotlkit. Initially, all of the pepides are

distributed into 6 pools, each pool was screened inthelFNE L | s p ot equestlg, baged Su b s
on two rounds analysis of the peptide pool data, individual peptides, identified as being

potentially stimulatory, were screened for their abilitgtionulate the IFNb r esponse. The
results revealed that individual peptide MTEP3, MTEP6, MTEP8, MTEP12 could elicit high
expression of IFN/ (>150IFN0 s ecreting cell s/ 106 PBMC) (P<O0O.
stimulating cells per 106 PBMCs was 157, 4289, 541 respectively, which are significantly

higher than other peptides. IFNsecretion by activated T lymphocytes, both in helper and

cytotoxic T-cell subsets, is a hallmark of antiviral immunity. So we presume that these four

peptides are possibly-dell epitopes related with PRRSV specific gakkdiated immune

response.
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Porcine reproductive and respiratory syndrome virus controls host
immune cells response via Foxp3 expression and AKt pathway.

V. Lazar* andR. Pogranichniy.
Animal Disease Dignostic Laboratory, Department of Comparative
Pathobiology, Purdue University, W. Lafayette, IN, USA.

The porcine reproductive and respiratory virus (PRRS) genome, like many other viruses showing
differential modulation of host cellular response, hasibeported to have impacted host

immune cells in alternative pathways. In vivo, the PRRSV Lelystad strain has been shown to
have less severe pathological symptoms and in vitro inability to induce Foxp3 expressing T
regulatory cells (Tregs) unlike the tyggNorth American) strains. In this study we addressed

the role of PRRSV p129, a pathogenic strain, in the modulation ofrhosine cell responses in

vitro. The promoter scan analysis on the full length PRRSV p129 genome reveals differences
between type {Lelystad strain) and the NVSL strain belonging to type 2 (North American)
clade.Multiple Sp-1 enhancer regions were shared among all three strains. The CAMP response
element CREB/ATF was only present in the PRRSV p129 genome. We report that analysis of
the time kinetic expression of transcription factor Foxp3 mRNA in freshly isolated PBMC from
PRRSVinfected naive pigs demonstrated an increase in T regulatory cells (Tregs) as early as 1.5
hrs post infection with PRRSV p129 strain. Transcription factebefland GATA3 responsible

for Th1/Th2 pathways immune response had no significant changes and even reduced mRNA
expressions at 1.5 hrs PRRSV infected PBMC. In this study an increased in PTEN mRNA level
at 1.5 hrs post PRRSYV infection was found, but remgh in MMR9 mRNA expressiorilhis
suggested that PRRSV infection in freshly isolated PBMC from pigs resulted in down regulation
of the AKt pathway which has been described in the literature as an alternativeeTasF
independent activation of foxp3 T rdgtory cells. Analysis of expressed cytokines in PRRSV
infected, freshly isolated PBMC suggested Foxp3 T regulatory cells induction was ndsetd&sF
dependent as the mRNA expression was not enhanced. Time kinetic analysis of cytokine mRNA
TNF-alpha and IE10 indicated slightly enhanced at 1.5 hours and sustained expression level at
48 hours post PRRSV infection. Furthermore, the lack of proper innate and adaptive immune
responses in PRRSV infected PBMC in vitro was demonstrated as down regulation of IFN
ganma during 1.5 and 4 hrs and 24 hrs post PRRSYV infection. In summary, we have shown that
in vitro PRRSV infection, improperly activated transcription factotseTand GATA3

responsible for host innate and adaptive immune responses. This study defimettekhaty

isolated PBMC infected with PRRSV p129 strain the imbalanced host immune responses is
associated with down regulation of AKt pathway and induction of Foxp3 T regulatory cells

which contributed in part by weak and/or premature termination efl Teceptor (TCR)

signaling.
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Comparison of two cell lines for the propagation of PRRSV.

Melissa PiresAlves*, Anisha Misra, Ederico A. Zuckermann and
William Laegreid.
Department of Pathobiology, College of Veterinary Medicine at University of
lllinois at Urbana&Champaign, Urbana, IL.

Development of the ZMAEI cell line, derived from porcine alveolar macrophages, was recently
reported (Zuckermann, AASV). Like primary porcine alveolar macrophages (PAM), ZMAC
are permissive for PRRSV. However,aasontinuous cell line ZMA& have the advantages of
ready availability, consistency over time and reduced cost. The purpose of this study was to
compare ZMAG4 and MARG145, a cell line commonly used for the propagation of PRRSV,
for their ability to supprt PRRSV replication. To minimize variation due to selection of variant
virus, studies were conducted with passage 1 virus derived from th2 Fifectious clone
(Truong et al., 2004). Total virus yield, viral genome copy number, numbers of infected cell
and onestep growth kinetics were used to compare cell lines. ZMA@Ilded 23 logs more
infectious PRRSV than MARQ45 cells. This was associated with a much higher number of
infected ZMAG4 cells at a given MOI. Furthermore, peak virus yield occuatesarlier time
points in ZMAG4 versus MARG145 cultures. We conclude that the ZMACell line is more
efficient for in vitro propagation of PRRSV than MARK25 cells.
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Inhibition of type | interferon signaling by Nsp11 of PRRSV.

*Y. Sun, N. ChenandD. Yoo.
Department of Pathobiology, College of Veterinary Medicine, University of
lllinois at UrbanaChampaign, Urbana, IL.

Nspll of PRRSV contains the nidaws specific endoribonuclease (NendoU) domain which has
been shown to be essential for gimeplication. In the present study, we demonstrate a new
function of Nspl11 as an interferon (IFN) antagonist. Nsp11 inhibited type | IFN production by
blocking the interferon regulatory factor 3 (IRF3) signaling pathway. By luciferase reporter
assay,th¢ RF3 and | FNb promoter activi t-depesdenwer e bo
manner. The bioassay using vesicular stomatitis virus expressing GFPGFBMn Nspli
expressing cells confirmed the inhibitory activity of Nsp11. Nspll contains twdaudins, A

and B, and suldlomain B is unique for nidoviruses. To study the struetunetion relationship

of Nspl11 for IFN dowrregulation, five mutations were individually introduced to active sites of
Nspl1l for endoribonuclease; 3 mutations in-dalmain Aand 2 mutations in sutbomain B. All

5 mutations impaired the IFN inhibition activity in vitro, indicating that bothdoimain A and
subdomain B are necessary for IFN dowegulation. This finding correlated well with the

viability of corresponding mutd viruses. By immunofluorescence assay and nuclear/cytosol
fractionation experiments, Nsp11 was found to localize in the cytosol. However, the mutation of
H3786A in subdomain B altered its cellular location to the nucleus. Taken together, our data
show hat Nspl1 is an additional IFN antagonist and suggest that the mechanism of action may
differ from that of Nsp1.
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Large-scale Parallel Pyrosequencing Technology Reveals PRRSV
VR-2332 Nsp2 Deletion Mutants Stable in Swine.

Baoqing Guo, Kay S. Faabelgelly M. Lager, and Marcus E. Kehrli, Jr.
National Animal Disease CenteISDA-ARS, Ames, IA.

PRRSV nonstructural protein 2 (nsp2) is cleaved from the replicase polyprotein (ORF1ab) and
encodes a cysteine protease (PL2) domain at {tegminus, a middl@ypervariable region and

four transmembrane domains near theefninus. Studies have demonstrated the hypervariable
region is nonessential for replication in vitro, and up to 403 amino acids could be deleted without
affecting the viability of type 2 stmaiVR-2332 (Han et al., J. Virol, 2007). Swine inoculation

studies of 4 PRRSV nsp2 deletion mutants along with-tyjpe (wt) recombinant virus have

shown the selected nsp2 deletion mutants can also replicate in vivo as demonstrated by virus
isolation, gRFPCR, and antibody responses. However, different nsp2 deletion mutants
manifested different phenotypes in terms of lymphadenopathy and interferon gamma production
by the pigds i mmune system. The entire predic
35 serum of two animals of four included in the study, which revealed that the mutants were
genetically stable in the entire nsp2 region. Next, to understand whether other compensatory
mutations occurred during in vivo replication, full genome nucleotiqaesgce analysis of the

study viruses and pig passage of one mutant was completed using the Roche 454 pyrosequencing
technology. Our results demonstrated that appropriate methods would generate a contiguous
sequence encompassing all or nearly all of tHegiethome in a single run, although the 5" and 3'
termini were often not revealed and occasional bases were absent when compared to the parent
sequence. Sanger sequencing was employed to determine the sequence of the few remaining
genome gaps. The combingelquencing results revealed that, although sporadic mutations were
identified throughout each of genomes causing silent mutations as well as conserved and non
conserved single amino acid mutations, the genomic sequences of the animal passaged nsp2
mutant wruses and wt recombinant viruses were quite stable.
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The role of N-glycosylation of minor envelope glycoproteins of
PRRSV on infectious virus production and interaction with the
receptor CD163.

Phani B. Das*, Phat X. Dinh, Hiep L. X. Vu, Israrul Hnagari, Byungjoon Kwon,
Fernando A. Osorio, and Asit K. Pattnaik.
Department of Veterinary and Biomedical Sciences, University of Nebraska
Lincoln, NE.

Porcine reproductive and respiratory syndrome (PRRS) caused by PRRS virus is an important
disease of swie. It is characterized by abortion and infertility in pregnant sows as well as
respiratory distress in young pigs. The virus has four envelope glycoproteins, namely, the GP2a,
GP3, GP4, and GP5. The protein 2b (or E) and the matrix protein (M) aigyomsylated viral
envelope proteins. We had previously reported that glycan addition at certain sites on GP5 is
required for infectious virion production and conferring protection against host neutralizing
antibody response. We have also shown that the CEb@ptor interacts with GP2a and GP4
proteins of PRRSV. In the current report, we have examined the rolglytbsylation of

GP2a, GP3, and GP4 proteins of PRRSV on infectious virus production and interaction with the
CD163 receptor. We constructed aise of mutants by replacing the potentiagNcosylation

sites with alanine. GP2a has tweglcosylation sites at amino acid position 178 and 184. Our
data show that glycan addition on residue 184 is crucial for infectious virus production. The GP3
protein has seven predicteddllycosylation sites at residues 29, 42, 50, 131, 152, 160 and 195.
We have found that glycosylation at residues 42, 50, and 131 is critical for recovery of infectious
virus. Mutation of individual glycosylation sites in GP4 did affect infectious virus recovery,
although double MNlycosylation site mutations were found to be lethal for virus recovery. The
N-glycosylation of GP2a and GP4 proteins was shown to be important for efficient interaction
with the CD163 receptor. Overatiur studies show that thedllycosylation of GP2a, GP3, and

GP4 proteins are required for infectious virus production and also for interaction with the CD163
receptor.
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Effects of Nsp2 Deletions on PRRSV Genome and Replication
Efficiency.

Raymond KH. Hui*, Kimberly X. Wang and Frederick C. Leung
School of Biological Sciences, The University of Hong Kong.

Deletion in the nostructural protein 2 (nsp2) gene of North American (NA) PRRSV genome is
not a rare event and it may be related to the vanatf virulence in PRRSV populations. Some
studies suggest that a discontinuousaBtino acid deletion contributes to the increase in

virulence of PRRSV during the porcine hifgver disease (PHFD) outbreak in mainland China
during 20062007. However, thexact role of such deletion has not yet been determined. Here

we demonstrate the effects of various nsp2 deletion mutants on their genome stabilities and virus
replication efficiencies. Four different nsp2 variants were identified in NA type PRRSV @solate
from Hong Kong pig farms during 202D05. Among them, three possess 1 (aa482, AFCDO04),

50 (aa476619, AFCD17) and 131 (aa32%3, 483487, AFCD34) amino acid deletion

respectively, and one with no deletion (AFCD37) in nsp2 gene. The viruses weretgohauia
MARC-145 cells for 10 successive passages and the nucleotide sequences of ORFl1a, ORF5 and
ORF7 of the progenies were compared with that of their parental strains. Among these nsp2
variants, AFCD37 showed the highest genome stability and no ndelsobstitution was

observed in ORF1a, ORF5 and ORF7 after 10 successive passages. AFCDO04 showed 4
nucleotide substitutions (3 out of 5 were faense mutation) in ORF1a gene after 10 passages

but none in ORF5 and ORF7. AFCD17 accumulated 26 nucleotid#itstions and among them

9 substitutions contributed to the alternation in amino acid residues. AFCD34 showed the highest
number of substitution among 4 nsp2 variants. A total of 44 nucleotides were substituted and 19
of them led into missense mutatiorBesides, the result also shows that substitutions in ORFla
may affect the stability of structural genes. AFCD17 strain accumulated$enmge mutations

within nsp46 genes in passage 8, while nucleotide substitution in ORF5 was observed in
passage 9. Apafrom genome stability, deletion in nsp2 may also affect the replication

efficiency of the virus. Replication rates of the parental viruses and the progenies harvested in
passage 10 were compared. Viruses were harvested at 24, 48, 60, 72 and 9étfecphostand

the respective titers were determined accordingly. Result reveals that AFCD37 and AFCD04
strains showed no significant difference between parental viruses and progenies. While the
progenies of AFCD17 and AFCD34 showed 6.8 fold and 4.7 foleéase in virus titers

respectively. To conclude, deletions in nsp2 may contribute to the variations in genome stability
of PRRSV. Large segment of deletion leads into an increase in number of nucleotide
substitutions in the genome. Furthermore, substitatio nsp47 eventually affect the stability of
ORFS5 structural gene. Accumulation of substitutions in ORF1a also increases the replication
efficiency of PRRSV in MARE145 cells. Further investigation on the role of nsp2 deletion will

be performing by revse genetic approach.
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CissActing El ements in the 3N ter mi|
Reproductive and Respiratory Syndrome Virus are required for
viral RNA synthesis.

Changlong Liu, Zhi Surtlaifeng Yuan, Fei Gao, Jiagi LandShishan Yuari
Department of Swine Infectio@iseases, Shanghai Veterinary Research Institute,
Chinese Academy of Agultural Sciences, Shangh&hina.

The positivestrand RNA genome of Porcine Reproductive and Respiratory Syndrome virus
terminates in a highly coon$etheededBodB&i nang¢ b &,
CSE3Nj)), foll owtai by lai tptollcgdciAgsigriala thavare cfudat for3 Nj

porcine arterivirus replication. Using an infectious {figihgth cDNA clone of PRRS virus, we

have identified crucial roled ®NA elements occurring withinthe 15tu c | eot i de 3 Nj UT|I
viral replication. MACR145 cells were transfected with fléingth PRRSV cDNA clones

containing desired mutations. The expression of viral proteins was monitored by an indirect
immunofluorescere assay (IFA) using antibody recognizing nsp2 and the structural protein N,

which served as indicators for genome replication and sg mRNA synthesis, respectively. Serial
mutagenesis were conducted to the LSL (long dtep), and the results showed thag th

conserved structure of top LSL is indispensable for virus viability, but the apical loop nucleotide
sequencendependent. And 12 mutants in the CS1 and the CS2 domain showed that the primary
sequences of these two domains are important for virus répticMoreover, we performed a
systemati cal mut agenesi s aneaelrysinalt & dafcil reeotti
AAUU-3Nj)) of the PRRS virus genome in viral repl
nucl eoti de s e qu damunal4 ot Eigniicantheaffectviraltreplieatid.Nj

Specifically, (i) the conserved terminal 3N U
replacement with a pyrimidine C resulted in a replication level similar to that of theéywéd
However, Substitutton wi t h a purine A or G abolished RN/

penul timate U and 3N third A are absolutely e
sequences of the 4th (A) position are not essential for viral replication andr{ip)ete deletion

of the 3Nj 4th nucleotide entirely abolished t
minimal of 5 residues of poly(A) is required for PRRSV viability in cultured cells. Together,

these results provide strong functional evideéhaer t he exi stence of the 3
sequence and secondary structure, which may function as contact sites for specific assembly of

the replication complex or for efficient initiation of minaense RNA synthesis or for the

positivesense RNA polyadwylation.
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Functional Dissection of TheNucleocapsid Protein of Porcine
Arterivirus.

Feifei Tan*, Zuzhang Wei, Chunyan Chen, Rong Zhang, argh&hiYuan.
Department of Swininfectious Diseases, Shanghai Veterinary Research Institute,
Chinese Academgf Agricultural SciencesShanghai, China.

Nucleocapsid (N) protein of the porcine reproductive and respiratory syndrome virus (PRRSV) is
a multifunctional protein, but its functional mechanism needs to be further studied. To further
dissect the funabinal domains of N for virus replication, we conductedditected mutagenesis

to the N protein, and the mutants were analyzed in the backbone of {lemgtl infectious

cDNA clone. All of these mutants were transfected in Ma¥6 cells, and their iettivity and
replication properties were evaluated for cytopathic effect, IFA, plaque morphology and growth
curve, and molecular profiles. Thet@minus of N protein was believed to be a conformational
antigenic determinant, but lack of experimental evage A series of @erminal aa deletions

ranging from 16 residues were carried out, and demonstrated that the last 4 aa residues were
dispensable for PRRSV viability, and deletion of one extra aa rendered the visideubious.
Plaque purification angequencing analyses of the rescue viruses, vN3D3, with a 3 aa truncation
at the Gterminus showed that at least five different types of pseendertants containing a range

of compensational mutations were generated. Among these mutants, a stretclelog® tathe
nuclear localization signal were deleted, yet without significant deleterious effect on virus
growth kinetics, which was also confirmed by intentional deletion of this region. A series of
mutagenesis was conducted for defining the role ohtivéeocapsid Merminus, demonstrating

that N translation always utilizes the first AUG as the translational initiator. Meanwhile; the N
terminus tolerated foreign sequence insertion of at least 6 aa residues. Furthermere, the N
terminal 11 aa sequence @be entirely substituted without affecting the virus viability. Taken
together, we demonstrated that the nucleocapsid protein is afumaitional with flexible

termini, which opens new avenues for further development of deletion or tagged DIVA vaccine
against PRRS.
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The structural proteins of the Chinese highly pathogenic porcine
reproductive and respiratory syndrome virus do not contribute to
its virulence.

Jialong Zhang, Lei Zhou, Xin Guo, Xinna GaydHanchun Yang*.
College of Veterinary Medine, China Agricultural University, Beijing,
P.R.China.

An atypical clinical outbreak caused by a highly pathogenic porcine reproductive and respiratory
syndrome virus (PRRSV) brought huge economic loss to the swine industry in China. Our
previous stuis have confirmed that the-3dnincacid deletion in the Nsp2 of the highly
pathogenic PRRSV is not related to its virulence. In order to investigate the possible role of
structural proteins of the highly pathogenic PRRSV on virus pathogenicity, tworahinmases
(designated rvJHSP and rvHJSP) were constructed from JXwn06 (a highly pathogenic strain)
and HB1/3.9 (a low pathogenic strain), respectively by exchanging their whole structural
proteinscoding region. The rescued viruses could replicateystalMARC-145 cells. Tle
pathogenicities of the two ahiric viruses in specifipathogerree piglets were analyzed. The
results showed that rvJHSP exhibited high virulence (100% death), like its parental JXwn06,
while rvHJSP presented low virulence (108&6vival of the inoculated piglets), as its parental
HB-1/3.9, indicating that the structural proteins of the highly pathogenic PRRSV do not
contribute to its virulence.
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Comparative Analysis of Five Pairs of Parental Virulent/ Live
Attenuated VaccineStrains of North-American Type Porcine
Reproductive and Respiratory Syndrome Virus: Insight of the
Molecular Mutations during the Virulence Attenuation.

Tong-Qing An', Zhi-Jun Tiari, Yan Xiad, Yi Zhand, Ran L, Yao Wang,
JinMei Pend, YanJunZhou', andGuangZhi Tong: *
'Division of Swine Infectious Diseases, National Key Laboratory \6éterinary
Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of
Agricultural Sciences, Harbin, Chirms8hanghai Veterinary Research Insg{ut
Chinese Academy of Agricultural Sciences, Shanghai, China.

Continuous amino acid mutations of virulent parental virus could occur during the process of
generating live attenuated vaccines. To understand the molecular basis of virulence attenuation
of porcine reproductive and respiratory syndrome virus (PRRSV), we compared and analyzed
the whole genomic sequences of 5 virulent parental virus strains with their cognate live
virulenceattenuated vaccine strains (\332 and RespPRRS/Repro® MLV, JA142 and

Ingelvac® ATP, CHla and CHLR, JXA1 and JXAIR, HuN4 and HuN4-112). The results

revealed that transitional, not transversional nucleotide substitution is the predominant pattern for
PRRSV virulence attenuation. Among the 19 viral proteins, NSP6 and N&R&ighly

conservative, without any mutation; by contrast, NSP2, NSP3, NSP10, GP2, GP3, and GP5 were
susceptible to mutation during serial passaging the 5 attenuated vaccine strains. Instead of
identical mutation at same position among the 5 vaccinestaeoncentrated, highly variable
regions were found in the envelepssociated proteins along with the attenuation. Our results
indicate that determinants of PRRSV virulence are multigenic products of be#trootural

and structural genes, particulathe envelop@ssociated structural proteins, and the

concentrated, highly variable regions of envelapsociated structural proteins rather than the
mutations at specific position are more likely related to PRRSV attenuation.
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Expression of ORF 6 potein of Porcine reproductive and
respiratory syndrome virus.

Jitka JankovaandVladimir Celer.
University of Veterinary and Pharmaceutical Sciences Brno, Department of
Microbiology and Immunology, Palackého, Brno, Czech Republic.

Porcine reproductivand respiratory syndrome virus (PRRSV) causes a widespread disease of
swine characterized by abortions, stillbirth and respiratory problems in young pigs. Virus is
divided into two subtypes based on genetic and antigenic differea@®pean (EU) and
American (US) strains. PRRSV is a small, enveloped virus with positiread RNA genome,
which includes eight open reading frames (ORFEj, 1b, 2, 3, 4, 5, 6, 7, from which ORFZ 2
encode structural proteins. Major structural proteins are the nucl&agapein (ORF 7), the
membrane protein M (ORF 6) and the envelope glycoprotein (OR¥uS)eocapsid protein

(ORF 7) is extensively used in serological diagnostics of the disease. Nonetheless serological
tests based on ORF 7 antigen display nonspeeifictivity leading to inaccurate diagnostics.
Diagnostic tests based on membrane protein (ORF 6) combined with nucleocapsid protein are
promising antigens for PRRS diagnostitke goal of this work was to express ORF 6 protein of
EU strain of PRRSV. The ge coding for ORF 6 protein was PCR amplified and cloned into
PENTRY vector and then transferred into pDest17 and pDest15 vectors. Expression of
recombinant protein was tested in different Escherichia coli strains:-BbAbnPlus (DE3)

RIPL, BL21(DE3) pLysS and BL23Al. Induction was performed by IPTG ordrabinose
depending on used strain of bacteria cells for 4 hours at 37 °C. Production of protein was
observed in BL2ACodonPlus (DE3RIPL cells only and resulting protein was purified by
metalochelatingffinity chromatography. Purified ORF 6 protein will be applied as an antigen in
indirect ELISA testThis work was supported by Internal Grant Agency of VFU Brno no.:
235/2009/FVL.
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Optimization of PCR-based assays for detection of PRRSV in oral
fluids.

W. Chittick,* W. Stensland, .Prickett, E Strait, W-. Kim, K. Yoon,
andJ.J. Zimmerman.
Veterinary Diagnostic Laboratory, College of Veterinary Medicine lowa State
University, Ames, lowa.

Introduction:Oral fluids are a useful surveillance sipeen for PRRSV and other agents.1,2,3 In
2008, we found that modifications to nucleic acid extraction protocols originally optimized for
cell-free fluids, e.g., serum, could produce both qualitative (positive/negative) and quantitative
(Ct value) differenes in PRRSV PCR performance (Stensland, unpublished data). The current
study continued the process of developing an RNA extraction protocol pgtirfar oral fluid
specimens. Materials / Methodihe study was conducted by systematically investigatiag t
effects of modification in RNA extraction procedures on the analytical sensitivity of a PRRS real
time, reversdranscriptase PCR (RPCR). Wellcharacterized samples (n = 106) were obtained
from a PRRSV inoculation experimentl and blinded with randomber labels. These samples
were used to compare 5 extraction protocols based on commessiallgible kits: A) Magnetic
Beadbased extraction kits; al) Applied Biosystems/Ambion Viral RNAIKBU-VDL

modified protocol, a2) Applied Biosystems/Ambibligh-volume Viral RNA KitT ISU-VDL

modified protocol, a3) Qiagen® Vet O@r-All Kit, a4) Applied Biosystems/Ambion Total

Nucleic Acid Isolation Kit, and B) Spinolumn based extraction; b1l) Qiagen® Viral RNA Mini

Kit. To control for plateto-plate varability, PCR plates were loaded so that the five extraction
protocols performed on a given sample were assayed on the same plate. PRRSV was detected
using Ambion AgPath PRRSV redime PCR reagents, including the kit internal control for
detecting failedeactions. Results: Preliminary results indicated significant differences among
extraction protocols in the amount of amplified PRRSV RNA. Currently, theMBU

modified protocol using Ambion Viral RNA kit has appears to provide the best overall
perfomance among the protocols evaluated. The internal control data indicated a differing level
of failed reactions among the protocols tested, suggestive of PCR inhibition. The extracts were
then reassayed using double the volume of Revd@rsmscriptase ahTag polymerase in the

Master Mix solution. Results indicated that doubling these enzymes had a beneficial effect on
the detection of PRRSV RNA in oral fluid samples.
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Comparison and Analysis of Genome Sequence of Passages PRRSV
Strains.

J.Luod, Y.B. Ning™,Y.B.Liu?, J. Ched,M.Y. Hart, andL, Zhang
IChina Institute of Veterinary Drug Control Beijing, China? Huazhong
Agriculture University, Wuhan, ChlnéGuangdong Minsun Bio

pharmaceutical Co., LTD, Guangzhou, China.

Porcine reproduste and respiratory syndrome virus (PRRSV) BJ and GD strains (GenBank
accession no.EU825723 and EU825724) were isolated from dead pigs suffer from PRRS in the
Beijing city and Guangdong province of China
both of them were passed continuously in Mib4& cell line. This research is for analysis gene
sequence and virulence variation of them were caused by continuous passage in vitro.
Comparisons of fullength genome sequence were made between the PRRBI¢ strtained at
different passages in cell with their parental strains. Results show that (1) the virulence reduced
obviously to pigs both of BJ and GD strains were passed 90 times in cell respectively, (2) the BJ
mutant strain obtained at passage 91 ¢oeth26 nucleotide mutations that resulted in 20 amino
acid changes. The GD mutant strain obtained at passage 140 contained 52 nucleotide mutations
that resulted in 29 amino acid changes. Most of these changes emerged between pa§fages 10
and were genatally stable after passage-80.The BJ and GD mutant strains had no nucleotide
insertion and contained a unique-&®inoacid discontinuous deletion in Nsp2 all the time.

However 5 amino acid changes at the same location in constitutive protein areanaind @cid
changes that resulted in similar secondary structure changes of constitutive protein compared
with CH-1a and JAX1 mutant strains were found. A comparison among the mutants, their
parental strain and several American PRRSYV strains identifiedr@ateristic amino acid

changes which represent possible genetic markers for the valuation of live vaccine applications
and for additional studies of the safety and potency of live PRRSV vaccines, particularly.
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Myristoylation of the small envelop (E)protein of PRRS virus is
non-essential for virus infectivity but affects its growth.

Y. Du,andD. Yoo.
Department of Pathobiology, University of lllinois at Urba@laampaign,
Urbana, IL, USA.

The small envelop (E) protein of PRRSV has been showodsegs the properties of an ion
channel protein and be essential for virus infectivity. The PRRSV E protein contains the
sequence of IMGXXXS6 and this sequence resembles the consensus motif of MGXXXS/T for
myristoylation. When PRRSYhfected cells were teded with 2hydroxymyristic acid, a potent
inhibitor of myristoylation, the virus titer decreased by 2.5 logs. The viral RNA also decreased
by 72%. To study the virological significance of myristoylation, the potential myristoylation site
(Gly at position2) of E was mutated with Ala using an infectious clone. A viable virus was
recovered, but the mutant virus grew poorly by 3 logs lower titers when compared-tgpeild

virus and the plaque size was small. The mutant virus was resistahydodkymyristc acid,

and its titer remained unchanged. Our data indicates that the E protein of PRRSV is
myristoylated, and the E protein acylation is femsential for PRRSV infectivity but negatively
affects the virus growth. Taken together, the study suggestsi¢hamyristoylation enhances the
membrane association of E and facilitates ion channel formation on the membrane for ion influx
and subsequent pH alteration in the virion interior.
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The GP4 protein of PRRSV is a glycosylphosphatidylinositol (GP{)
anchored protein which contributes to virus infectivity.

Y. Du, andD. Yoo.
Department of Pathobiology, University of Illinois at UrbaDlaampaign, Urbana,
IL, USA.

The PRRSV glycoprotein 4 (GP4) resembles a typical type | membssoeiated protein but
lacksthe hydrophilic tail at the @erminus. We hypothesized that PRRSV GP4 is a
glycosylphosphatidylinositol (GRBnchored protein. We made a series of chimeric constructs of
GP4 using the decegccelerating factor (DAF; CD55), a known Gdtchored proteiniVhen
expressed in cells, both DAEP4 and DAFGP2a were found to be transported to the plasma
membrane. DAFKGP4 was cleavable from the plasma membrane by phosphatidylirsyssific
phospholipase C (FRLC) digestion as shown by fluoresceramivated ck sorting (FACS) and
westernblotting analysis, whereas DAGP2a remained uncleaved. Individual mutants of the
DAF-GP4 were examined for their ability for membrane anchor aiRLEl cleavages, and
subsequently mutations were introduced into the virugusmninfectious clone. Methionine
mutation to valine at the Y¥+2 site of GP4 was
contributed considerably to virus infectivity. The removal of theei@hinal hydrophobic domain

of GP4 failed to anchor the prateo the cell membrane and resulted in the absence of virus
infectivity. Our results show that the membrane association of GP4 is mediated by GPI and
presents the importance of GPI for PRRSV infectivity.
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Gene rearrangements for structural proteins ofPRRSV and a novel
approach to immunogenic alteration.

C. Sond?® P. Krelf, Y. D&, and D. Yo@.
'Depts. of Pathobiology, arfMolecular and Cellular BiologyUniversity of
Guelph, CanadaDept. of Pathobiology, University of lllinois at
UrbanaChanpaign,Urbana, IL.

The viruses within the Arterixidae family have a conserved genome organization with the gene

o r d e rrepbcasentindr structural proteins (ORFs24)-major structural proteins (ORFs 5
6-7>36. The abundanc edsonfthepasition ¢f gepes with eespecsto tee p e n
di stance from the 36 end of the genome. To in
virus replication and also to explore a possibility of redesigning the molar ratios of viral proteins,
genome rarrangements were designed using an infectious clone by exchanging the position of
genes for minor structural proteins and major structural proteins. The engineered genome was
reor g an irepliease(CRBEs 56 0-(ORFs 23-4)-3 6 .  MIARcElls were tmsfected

with the engineered fulength clone and the culture supernatant was transferred to alveolar
macrophages. The progeny virus production was detectable HORTfrom the supernatant of
inoculated cells, and CPE and cell death were evident at2pdat inoculation, indicating the
production of viable virus. When MAREA45 cells were inoculated with the progeny virus, the
production of viral specific N protein and the spread of infectivity were readily detectable by

IFA. The titer of the gene reamged virus was 102 PFU/mI, and it was lower than the titer of the
parental PRRSV of 105 PFU/mI. Our results show that the order of structural protein genes can
be manipulated for PRRSV and possibly determines the molar ratios of viral antigens and
immunogenicity during infection.
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Generation of an infectious clone of HUN4-112, an attenuated live
vaccine strain of highly pathogenic porcine reproductive and
respiratory syndrome virus.

ShanRui Zhang, YarJun Zhou, ZhiJun Tian, Hai Yu, Guin Li, Li-Ping Yan,
Yi-Feng Jiang, Y&in Wang, MengMeng Wang, AeTian Xu,and
GuangZhi Tong*
Division of Swine Infectious DiseaseShanghai Veterinary Research Institute,
Chinese Academy of Agricultural Sciences, Shanghai, China.

Since May 2006, a highly gaogenic PRRS\(HP-PRRSV) emerged and is still a major concern
for swine industry in China. In our previous study, we developed an attenuated live vaccine by
passaging the HPRRSYV strain HUN4 on Mart45 cells for 112 times (named HWH¥.12),

and evaluate the efficacy in piglets. By comparative analysis of the full genomic sequences of
the HRPRRSV strain HUN4 and HuN#112, we found 37 amino acids point mutations. In order
to find out which mutation or mutations responsible for virulence, we have siutigess

generated an infectious clone of HUR412. In this study, the nucleotide sequence of HUN4
F112 was determined and a full length cDNA clone of the HENY2 was assembled in the
plasmid vector pBluescript Il SK (+). A Mlu | restriction site was idtroed in the fullength

cDNA lone of HUN4F112 to allow discrimination between cloned virus (tagged with the Mlu |
site) and parental virus (lacks the Mlu | site).Capped RNA was transcribed in vitro from the full
length cDNA clone of the viral genome amansfected into BHK21 cells. The supernatant from
transfected monolayers was serially passaged on-Micells. The cytopathic effect (CPE)

was observed daily. RPCR was performed to determine the genomic maker, Mlu | site,
engineered in the rescuenlus. Rescue of infectious virus was confirmed by indirect
immunofluorescence assay (IFA) using astprotein monoclonal antibody. Cytopathic effect
(CPE) and growth kinetics of the rescued virus were indistinguishable from the parental virus.
The infectous cDNA clone of HUN4-112 was successfully generated.
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Genetic characterization of a novel, highly virulent PRRSV isolate
from North America.

J. C. Schwart?, R. G. Jone5s J. E. AbrahanfeandM. P. Murtaugh.
'Department of Veterlnary anBiomedical Sciences, University of Minnesota,
St. Paul, MN.%LivestockVeterinary Serwces KinstoNC.

Recently, a highly virulent PRRSV isolate was discovered in the eastern U.S. from sow, nursery
and finishing herds causing high mortality and up td¥a@&@rrowing losses. To identify possible
genetic and molecular determinants of pathogenicity in this unusually virulent PRRSV isolate,
we performed whole genome sequencing for comparison to PRRSV genomes of known
virulence. The translated amino acid seaqésrof open reading frames (ORF) 2a, ORF 3, ORF

4, and ORF 5 were analyzed fotliNked glycosylation sites since decoration of envelope

proteins with carbohydrates has b&eplicated in immune evasioifthe analysis revealed that

the NHinked glycosylatio pattern is typical of North American PRRSV, containing all of the
major sites foundn 35 whole genomes in Genbalirkaddition, the ORF 5 nucleotide sequence
encoding envelope glycoprotein 5 (GP5) was compared to 73 sequences that are representative
of all North American PRRSV genotypes. The result suggested that the strain is related to the 1
8-4 family of PRRSYV isolates. Previously, we had observed that ORF5 sequence predicted whole
genome similarity within and amorfRRRSV genotypesiowever, in contrst to previous

findings, the nonstructural protein 2 (nsp2) region of this virus was completely different from all
known 18-4-family members and is at present unique. Rather than the typical discontinuous
deletion pattern resulting in a protein missindg &nino acids compared to VR2332, this virus

has a single deletion of one amino acid in a novel location. This finding shows that deletions
previously reported in-8-4 family PRRSV and other virulent PRRSV are not regpifor high
virulence.Further chaacterization of this virus may lead to a more thorough understanding of
PRRSV molecular epidemiology and pathogenesis that may help in the development of more
effective tools for immunological control of PRRSV.
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Development of a DANlaunched reverse geetics system for Korean
type 1 porcine reproductive and respiratory syndrome virus.

E. Nam*, M. Sagong, and C. Lee.
Department of Microbiology, Kyungpook National University, Daegu, South
Korea.

Korean type 1 porcine reproductive and respiratory synendms (PRRSV) has recently

emerged nationwide leading to potential problems for disease control. In this study,-a DNA
launched reverse genetics system was developed from a Korean type 1 PRRSV isoled&, KNU
The 15,038ucleotide fulllength genome of KU-07 was assembled as a single clone and

placed under the eukaryotic CMV promoter. Upon transfection of cells with-izigith cDNA

clone, viable and infectious type 1 progeny PRRSV was rescued. The reconstituted virus was
found to maintain growth propées similar to those of the parental virus in cells. With the
availability of this Korean type 1 PRRSV infectious clone, we first explored its potential for the
expression of foreign genes and construction of chimeric or repliedgif@ttive virus. In aler

to restore the nucleocapsid (N) gatedeted type 1 PRRSV, two complementing cell lines were
established to stably express the type 1 and type 2 PRRSV N proteins, respectively. These cell
lines were able to express high levels of the correspondingtliip and to complement the

deleted N gene function of PRRSV in trans. Results of in vitro analysis of genetically engineered
recombinant viruses and a discussion on the application of the type 1 infectious clone as a
powerful genetic tool for further PR/ research will be presented.
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Viral N -acetylglucosamine Facilitates Porcine Reproductive and
Respiratory Syndrome Virus Infection of Permissive Cells.

J. Li*, andM. P. Murtaugh.
Dept. of Veterinary and Biomedical Sciences, University of Minnesota,
St. Paul, MN.

Porcine reproductive and respiratory syndrome (PRRS) is the most severe infectious disease
facing the swine industry worldwide. Understanding how PRRSYV interacts with permissive cells
at the molecular level will facilitate the developmehtisease prevention strategies. PRRSV

has a smooth spherical envelope composing of highly glycosylated proteins, except M protein, in
which most of the predicted glycosylation sites are well conserved. Compared to the short
sequences of the ectodomairish® envelope glycoproteins, the protéimked carbohydrates
(glycans) account more in molecular weight mass, thus are more likely to cover the virion
surface, or even extend out as fAanteknnaeod, wh
interactionsTo study the potential role of viral glycans in permissive cell infection, lectins that
are specific for different glycan moieties were added to PRRSV followed by inoculation into cell
cultures of porcine alveolar macrophages (PAM) and MARS cells. Pogweed mitogen

(PWM), a lectin specific for Micetytb-D-glucosamine (GIcNAc)3, showed dedependent

inhibitory effect of viral infection in both cells, but not the lectin that has an affinity for
(GlcNAC)2, indicating that glycan structure is involvedPRRSV infection. When added before
viral inoculation, PWM did not change the infected cell percentage or cell viability, showing that
PWM interacts with the virus, not the cells. In a viral binding assay PWM reduced viral binding
to MARC-145 cells in a dasdependent manner, suggesting that the glycan structure of
(GlcNACc)3 is involved in viral binding to permissive cells. GIcNAc also competed with PRRSV
for binding to MARG145 cells and resulted in reduced viral infection, when added
simultaneously with vus, but not when added before viral inoculation. This conditional
competition relationship suggests that viral GICNAc binds to PRB&Yhissive cells in a

dynamic and flexible manner, and probably cooperates with otherreiceptor binding

interactiongo facilitate effective PRRSV infection. This study advances the current knowledge
of the molecular mechanisms of PRRSV infection in permissive cells, and in future, might
provide a potential glycan target for aRIRRSV drugs and vaccines.
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Spontaneos deletion of nsp2 region associated with cedldaptation
of porcine reproductive and respiratory syndrome virus.

Shishan Yuatt, XiaominWand? ZuzhangWeji YanhualLi, Xiangjian L, and
HuochunYad.
'Departmenbf Swine Infectious Diseases, ShangWeterinary Research Ititite,
The Chinese Academy @éfricultural Sciences, Shanghai, PR Chin@pllege of
Veterinary Medicine, Nanjing AgriculturalUniversity, Nanjing, Jiangsu
Province, PR China.

Porcine reproductive and respiratory syndrome viIRBRSV) is notorious for genetic, antigenic
and pathogenic heterogeneity. As a consequence, high pathogenic PRRBRR3V) has

been emerging and resulting in tremendous economic loss of swine industry. In this study, a
Chinese HFPRRSV JX143 strain wasrsaly passaged in Maftt45 cells up to 100 times. We

have characterized the genetic changes involving thedafitation process of PRRSV JX143.

In comparison with the clinically isolated parental virus, higher titer, faster growth kinetics, and
lager phque size were observed as the passage number increased. A total of 75 nucleotide
substitutions randomly across the genome were identified, among which 33 nonsilent mutations
distributed mostly in ORF1 region, as well as ORF2, ORF4 and ORF6. The Chin&sRE¥
specific nsp2 deletion of 1+29 aa sequence, which were suspected to be linked with
hypervirulence of the virus, remained the same at passage 100. Surprisingly, an extra 88 amino
acid deletion of nsp2 were detected in the-adtpted virus, startifigom the passage 6 and

become dominant by passage 80, and remained genetically stable up to the 100th passage,
JXM100. An antibody against such 88 aa deletion was developed and used for differentiation of
the parental virus and the JXM100. We further dgyed an infectious cDNA clone of JXM100,
pAJXM, and the rescued virus retained the genetic and phenotypic characteristics of the parental
virus. This is the first infectious cDNA clone of the eatlapted HFPRRSV, and provides
foundation for further digsting the pathogenic mechanism of the FRRSV, which would

open new avenue for further development of DIVA vaccine.
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PRRSV receptor level and susceptibility to PRRSV infection
increased on cultured peripheral blood monocytes.

Liang-hai Wang* and V€n-hai Feng.
State key laboratory for Agrobiotechnology, and Department of Microbiology and
Immunology, College of Biological Science, China Agricultural University,
Beijing, China.

The porcine reproductive and respiratory syndrome virus (PRRSV) hagssrirmainly for

porcine alveolar macrophages (PAM) but not for peripheral blood monocytes (BMo) in vivo.
Previous research showed that after 1 day cultivation, a few BMo became susceptible to PRRSV
infection. Porcine sialoadhesin (PoSn) and CD163 arevivenain PRRSV receptors for

binding and internalization. The relationship among cell differentiation/aging, the receptor level
and susceptibility to PRRSV havendt been inve
cultivated BMo with pig serum and L92@Il culture supernatant and we showed that the mRNA
level of PoSn and CD163 increasetb® and more than fbld after cultivation, respectively.
Meanwhile, the number of CD1§®sitive BMo and the fluorescence intensity both increased

when detected bynmunofluorescence assay. When infected with Xaithe first PRRSV

isolate in China, V2332, and the highly virulent Chinggee isolate in China, the percentage of
infected BMo increased significantly with the lapse of time for cultivation. After et with

pig serum and L929 cell culture supernatant for 48h, the percentage of RiRRRiEVe BMos

was at least the same as PAM, if not better when infected with the PRRSV. These results suggest
that as BMo differentiation, the PRRSV receptor levelgases, leading to the increase of
susceptibility to PRRSV infection. Hence, cultivated BMo could also be a good choice for

PRRSYV isolation and identification. The reason why differentiation/aging causes receptor up
regulation and the impact on PRRSV infentin vivo still need to be investigated.
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The current antigenic heterogeneity between PRRSV strains can
influence the reliability of serological surveys.

Uladzimir U. Karniychuk*, Marc Geldhof, Merijn Vanheé,
Jan Van DoorsselagrandHans J. MuwyncK.
Laboratory of Virology, Department of Virology, Parasitology and Immunology,
Facuty of VeterinaryMedicine, Ghent University, Merelbeke, Belgium.
“Department of Health Care and Biotechnology, KATHO Catholic University
College of SouthWest Fanders, Roeselare, Belgium.

Based on genetic and antigenic characteristics, PRRSV has been divided into European and
North American genotypes. Recently, East European sequences were found to group separately
within the European genotype and form differsmibtypes. To study the influence of current
PRRSV heterogeneity on the accuracy of serological surveys, panels of polyclonal antisera from
experimentally inoculated pigs and 428 sow sera from 15 Belarusian farms were tested for
PRRSV antibodies in immunepoxidase monolayer assays (IPMAs) with the reference

European subtype 1 Lelystad (LV) strain and the East European subtype 3 Lena strain (recently
isolated from a Belarusian fari@enBank accession no. EU909689, EU909690, EU909691,
EU909692, EU909693) astigensin addition, sera were tested with the commercial IDEXX
HerdChek 2XR PRRSV ELISA kit. When LV and Lena polyclonal antisera from pigs were
tested, the homologous IPMA antibody titres were always higher than the heterologous ones.
The sensitivity bhomologous IPMAs was higher than the sensitivity of the IDEXX ELISA. The
serological results of the field sera determined by IPMAs with LV or Lena antigens revealed that
using only LV or Lena strains as IPMA antigens 31% and 11% of positive sera wseglmis
respectively. Using IDEXX ELISA, a 92% sensitivity was observed for field sera with IPMA

LV+ and both IPMA LV+/Lena+ profiles, while the sensitivity for sera with IPMA Lena+ profile
was only 80%. Surprisingly, a high percentage (72%) of unexpectév@ossults was

observed when field sera, negative in IPMAs with LV, Lena and reference North Ameriean VR
2332 antigens, were tested in the IDEXX ELISA kit. The present results suggest that for a
reliable serological diagnosis, it is necessary to usepppte PRRSV strains or antigens which
have a close antigenic relationship with the strains circulating in the corresponding geographical
regions.
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An Outbreak of the Highly Pathogenic American PRRS Virus of the
Chinese Strain in the Philippines.

Leonilo R. Resontoc, DVM, MPA.
Bureau of Animal Industry, Department of Agriculture, Diliman, Quezon City,
Philippines.

Porcine Reproductive and Respiratory Syndrome (PRRS) cause a highly economic loss in swine
industry in the country. In 2007 dareaks of the highly pathogenic PRRS Virus occurred in

many provinces in the northern part of Luzon and almost simultaneously affected large
commercial and small piggery farms in the country. Initially 3,295 pigs were reported with a
morbidity of 993 and mrtality of 252 pigs. In 2008, the disease spread further in the islands of
the Visayas and Mindanao in the southern part of the country. Tissue samples tested last August
2008 at the Foreign Animal Disease Lab at Plum Island Animal Disease Center Qtddavro

York, confirmed the Philippine Isolates belong to the American PRRS type 2 and has a high
identity to the Chinese highly pathogenic PRRS strain. The Bureau of Animal Industry lab
confirmed the disease using Immunofluorescence assay (IFA) andwiteiec Porcine

Circovirus type 2 (PCV2) was also identified asimfection of PRRS in the isolates. PRRS
affected all stages of production and manifested severe respiratory depression, anorexia, red
discoloration of ears and body and hyperthermia. Rigletnifest cough and diarrhea, leg edema
and paralysis. Pregnant sows manifest abortion and birth to weak born piglets. Morbidity from
50 to 100% and mortality from 20 to 90 %. Highest mortality observed in nursery and growing
pigs; low mortality was repted in adult pigs. Results showed that 212 or 79% were confirmed
positive out of the 268 tissue samples tested at the lab. Sensitivity was 98% and 97%, and
specificity 84 % and 69%, respectively, in the 2007 and 2008 outbreaks. Surveillance and
monitoringwas continuously conducted to further assess the situation and determined the
magnitude of the problem in the country. Control and prevention includesbimity,

depopulation, movement control, good herd management and vaccination. Modified live PRRS
vaccine are used by the government and will be provided mostly to all small pig farm or
backyard for free, while those commercial pig farm can manage to institute control measures
on their own to reduce pig mortality and save the pig industry
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A Phylogeny-based Demographical and Geographical Dissection of
North American Type Porcine Reproductive and Respiratory
Syndrome Viruses.

Mang Shi*TsanYuk Lam, *ChungChau Hon? Michael P. Murtaugh,
Peter Davies® Raymond KinHei Hui, 'Lina Tik-Wim Wong,'Chi-Wai Yip,
Linwai Jiang, and*Frederick ChiChing Leung
'School of Biological Sciences, The University of Hong Kong, China; Departments
of *Veterinary and Biomedicabciences, antWeterinary Population Medicine,
University of Minnesota, Mhnesota, USA.

Porcine Reproductive and Respiratory Syndrome virus (PRRSV) has undergone rapid expansion
in both genetic diversity and population size since its first discovery in the mid 1980s. Rapid
evolution of viruses is often followed by extensivel alistancandependent geographical

dispersion that amplifies the influence of some regional viral strains, causing regional and
nationwide prevalence of lethal disease. In this study, we analytically resolved macroscopic
aspects of North America type & Il) PRRSV epidemiology by phylogenetic approaches.

Based on a 29r collection of North American PRRSV ORF5 sequences, the Bayesian
phylogenies revealed with high resolution the current diversity otyjs& PRRSV, within

which three live attenuated vaiee strains located in different regions of the tree. Guided by the
overall tree, analyses using the BEAST software package enriched the knowledge of
demographic dynamics of N&ype PRRSV over time. Finally, by using a phylogeographic
approach, we were abto demonstrate an intstate PRRSV traffic network in the United

States. The results showed transmission frequencies among major andjoopigproducing
states in the U.S.-Ainked wherprebencaeacofilefibes
significantly higher than others. In sum, our study demonstrates closely connected evolutionary,
population dynamic and geographical expansion processes which characterize the epidemiology
of PRRSV and may typify the behavior of the livestasisociatediwuses in modern societies.
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Characterization of the GP4specific antibody response upon
infection with PRRSV.

M. Vanhee, S. Costers* and H.J. Nauwynck.
Laboratory of Virology, Department of Virology, Parasitology and Immunology,
Faculty of VeterinaryMedicine, Ghent University, Merelbeke, Belgium.

The European prototype PRRSV strain Lelystad virus (LV) contains a neutralizing epitope at
amino acid (aa) position 568 of GP4, and this epitope is immunogenic in pigs (Meulenberg et
al., 1997; Oleksiewir et al., 2001). The aim of this study was to further characterize the
antibody response against GP4 of Europgae PRRSV strains. It was shown by IPMA on
GP4expressing cells that 6/6 pigs, infected with LV, produced-§ftific antibodies, and the
time of appearance of those antibodies varied between two and four weeks post infection. The
epitope specificity of GR4pecific antibodies was determined by PEPSCAN analysis on GP4 of
LV. All pigs showed antibodies against the epitope at aa positi@85&hile two pigs also

showed antibodies against an epitope at aa positi@® 8blonospecific antibodies against each
epitope individually were purified out of polyclonal serum by peptide affinity chromatography
and their ability to neutralize infection wastdrmined. Monospecific antibodies against epitope
57-68 were able to neutralize infection of LV in primary alveolar macrophages (PAM) in a dose
dependent way, while monospecific antibodies against epitofé 8&re not neutralizing. The

aa region 568 d GP4 is highly variable between PRRSV strains. To determine whether this
region is also immunogenic for PRRSV strains other than LV, six pigs were infected with two
Europeartype field strains that strongly differ with LV at position-68 on GP4. Serumrdm

these pigs was used in a PEPSCAN analysis on GP4 of the respective homologous virus. Both
virus strains induced antibodies against aa regie®&in 100% of the animals, and these
antibodies were able to neutralize infection of PAM by the homologous. VHowever, no
crossrecognition or crosseutralization could be observed between all three virus strains at the
level of this epitope. This study supports the hypothesis that PRRSV escaperuiratization

at the level of GP4 by the continuous egence of escape mutants, leading to hypervariability at
the level of the neutralizing epitope.
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Evidence of long distance airborne transport of porcine
reproductive and respiratory syndrome virus andMycoplasma
hyopneumoniae.

S Dee, S Otake, S Obira and J Deen
University of Minnesota Swine Disease Eradication Center, St Paul, MN.

The ability of porcine reproductive and respiratory syndrome virus (PRRSWiataplasma
hyopneumoniaéM hyo) to be transported over long distances via the airtrorrte was

evaluated. A source population of 300 grbmish pigs was experimentally inoculated with

PRRSV MN184 and M hyo 232 and over a-88y period, air samples were collected at
designated distances from the source herd using a liquid cyclonicdanl®amples were tested

for the presence of PRRSV RNA and M hyo DNA by PCR and if positive, further characterized.
Of the 306 samples collected, 4 (1.3%) were positive for PRRSV RNA and 6 (1.9%) were
positive for M hyo DNA. The PRRSYositive samples werecovered 4.7 km to the northwest
(NW) of the source population. Four of the M. kyasitive samples were obtained at the NW
sampling point; 2 samples at approximately 2.3 km and the other 2 samples approximately 4.7
km from the source population. Of tremaining 2 samples, one sample was obtained at the
southeast sampling point and the other at the southwest sampling point, with both locations being
approximately 4.7 km from the source. The four PRR®¥itive samples contained infectious
virus and wer®8.8% homologous to the MM84 isolate used to inoculate the source

population. All 6 of the M hygositive samples were 99.9% homologous to M hyo 232. These
results support the hypothesis that long distance airborne transport of these important swine
patfbgens can occur.
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Use of a production region model to evaluate aerosol transmission
and biosecurity of PRRSV andMycoplasma hyopneumoniadresults
from a 3-year study.

S Dee, S Otake and J Deen.
University of Minnesota Swine Disease Eradication Cei&ePaul, MN.

Porcine reproductive and respiratory syndrome (PRRSMaiedplasma hyopneumoniéié

hyo) are reemerging diseases of pigs and growing threats to the global swine industry. For
sustainable disease control, it is critical to prevent theadprethese pathogens between pig
populations; therefore, a clear understanding of the role of aerosol transmission is needed along
with information on how to reduce this risk. To enhance the knowledge of PRRSV and M hyo
aerobiology and biosecurity, we aucted a 3year study using a model of a swidense

production region. During the study, we quantified pathogen load in bioaerosols, documented
airborne spread of both agents out to 120 m, identified climactic conditions associated with the
presence of ghogens in bioaerosols and demonstrated the ability to protask gtopulations

using various systems of air filtration, including MERV 16, MERYV 14 and antimicrobial filters.
Over the course of theygar study, no evidence of PRRSV or M hyo transpadtteansmission
occurred, independent of filter type. In contrast, transport and transmission of both agents was
frequently observed in the ndittered control facility. In conclusion, this unique model provided
new information regarding the aerobiologytwo economically significant respiratory

pathogens of pigs and described for the first time an effective means of disease control to protect
at-risk populations. A summary of data from thgear project as well as a preliminary report

(18 months of dajaegarding the application of air filtration for controlling area spread of

PRRSYV at the field level will be presented at the conference.
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A pilot study to evaluate the efficacy of air filtration in large sow
herds located in swinedense regions.

Scdt Deé, Gordon Sprorkand Peter Davies
!Swine Disease Eradication Center, University of MinnesBiaestone
Veterinary Clinic, Pipestone, MN.

Through the use of a production region model, air filtration has successfully prevented the
airborne spredof porcine reproductive and respiratory syndrome virus (PRRSV) between
susceptible pig populations; however, it has not been rigorously tested under field conditions.
Therefore, a pilot study was conducted to evaluate the efficacy of air filtratiogendaw herds

in swinedense regions. To patrticipate in the study, candidate farms fulfilled the following
criteria: 1) A breeding herd inventory ®2400 sows; 2» 4 pig sites within the surrounding 4.7
km region; 3) A history of 3 external virus intsductions over the past 4 years; and 4) Industry
standard biosecurity. The study was conducted within a unified system of swine production with
sow herds located throughout southern Minnesota and northwest lowa. Seven sow farms
qualified for the study. Twtreatments) were equipped with negative presbased air

filtration systems using either MERV 16 or MERYV 14 filters (CasRfirr) while the remaining 5
served as nofiltered controls. Characteristics of study farms were as follows:

Farm ID  Filtered # sows # sites 4.7 km  Outbreak history
T-1 MERV 16 3128 17 7 over last 4 years
T-2 MERV 14 3240 9 4 over last 4 years
C-1 no 3232 5 5 over last 4 years
C-2 no 3210 10 5 over last 4 years
C-3 no 3669 8 5 over last 4ears

C4 no 3553 10 8 over last 4 years
C-5 no 3680 6 6 over last 4 years

From September 2008ugust 2009, farms were monitored monthly for the introduction of new
viruses via PCResting of blood samples collected from 30 weaned. figpe ORF 5 region of
positive samples was compared to fespecific dendograms. Throughout the study, the 2

filtered farms remained free of clinical disease and external virus introduction. In contrast, all 5
control farms became infected with new vatsaof PRRSV and experienced clinical outbreaks:

Farm ID Filtered Date of break RFLP of new virus
T-1 MERYV 16 Norrinfected NA

T-2 MERYV 14 Non-infected NA

C1 no May 2009 1.26.2

C-2 no July 2009 1.4.4

C-3 no July 2009 1.26.2

C-4 no Oct 2008 1.18.2

C-5 no Jan and Jul 2009 1.18.4 and 1.26.2

While these data are preliminary, the outcome indicatesathfitration may be capable of
successfully preventing the area spread of PRRSV. Further assessments over more farms and
longer time periods are ongoing.

80



2009 International PRRS Symposium

60
Uv254 Inactivation Of Selected Viral Pathogens.

TD Cutler! SJ Hoff? C Wang'°KJ Warren® F Zhou! Q Qin? C Miller?,
JF Ridpattf,K-J Yoon! andJ Zimmermart
'Department of Veterinary Diagnostic and Production Animal Medicine,
“Department ofVeterinary Microbiology and Preventive MedicifiBepartment
of Agricultural and BiosystemEngineging, “Department of Immunobiology
°Department of Statistics, lowa State University, Amdewa.
®USDA:ARS:NADC, Ames, lowa.

Objective:The objective of this research was to determine the UV254 dose required for
inactivation of three comon viral pathoges of animalsgwine influenza virus (SIV), porcine
reproductive and respiratory syndrome virus (PRRSV) and bovine viral diarrhea virus (BVDV)
on surfaces and ithe air (aerosols). MethodSiV, PRRSV, BVDV, and Reovirus (positive
control) in media werexposed to specific doses of UV254 where dose is defined as (irradiance
X exposure time) and iexpressed as joules per crhBe effect of UV254 exposure was

guantified by comparing virus titers in exposed vs. unexposed controls. Three trials were
conductd at 9 exposure dosdés3000, 0.2500, 0.2000, 0.1500, 0.1250, 0.10@@¥,5) 0.050,

and 0.0250 J/cm2/iruses (1.8 ml; 2 mm depth) were placed in separate wells of a modified 8
well plate The plate was modified to accommodate the placement of a UV25drdsn

removal of two middle wils. One well on each plate served as an unexposed control. Following
UV254 exposure, the viral suspensions were placed in 2 ml cryovials and fre@ed @t C unt i |
assayed for viral infectivityMicrotitration infectivity assays (TCID50) were conducted

sampes in random ordef.he rate of inactivation was determined using a linear regression
model by plotting the survival fraction of each viral againstetki@osure dose. Conclusiofi$ie

data indicate that PRRSV, BVDV, and SIV are highly susceptible to U\f2&ivation.
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Infectious dose (ID50) of PRRSV Isolate MNL84 for Young Pigs via
Aerosol Exposure.

TD Cutler! A. Kittawornrat! S.J. Hoff,? C. Wang!*andJ.J. Zimmermant
'Department of Veterinary Diagnostic and Production Animal Medicine,
“Department of Agricultural and Biosystems EngineeriBgpartment of
Statistics, lowa State University, Ames, lowa.

ObjectivesThe objective of this research was to quantify the likelihood of PRRSV transmission
via aerosols as a functiom @éxposure dse. MethodsThe study used PRRSV isolate MI84

(kindly provided by Dr. Scott Dee, UMAII pigs were confirmed PRRSV negative prior to
commencement of the experiment and were housed in HiiBr&d isolation units throughout

the experiment to avoid idaertent transmission of pathogens. The study was conducted in 10
replicates, 10 pigs per replicate, with pigadomly assigned to treatme®mne negative control

pig and one positive control pig veeincluded in each replicat€o conduct the experiment

PRRSV MN184 was aerosolizadto a dynamic aerosol toroi®igs to be exposed to the

PRRSV aerosol were anesthetized and fitted with a canine surgical makkdt@aa pediatric
spirometerEach pig respired 10 liters of virus aavbg\ir samples cdected before and after

each pig were usdd estimate the exposure doSerum samples collected 5 and 10 days-post
exposure were tested for the presence of PRRSV to determine whgthsure resulted in
infection. The doseresponse curve for exposureaioborne PRRSV was derived from the
propotion of pigs infected by dose. Result$iree replicates were disqualified due to failure to
meet quality criteria; therefore, the infectious dose 50 (ID50) estimate was based on &seplicat
Initial analysis shaved that the infective dose 50 (ID50) of M4 under the parameters of this
study (pig body size and age, exposure @ogktime) was <1 x 101 TCID50. Conclusions:

Under comparable conditions, this ID50 estimate is much lower than a previous estintite base
on PRRSV isolate R-2332 (Hermann et al., 2009)hus, the data suggest that isolate VB

is highly infectious via aerosol exposure and that the ID50 for airborne PRRSV may vary among
isolates.
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Torque teno virus (TTV) in commercial weanto-finish populations
concurrently infected with PRRSV.

J. Prickett™ R. Pogranichniy’ R. Main,* A. Clark, andJ. Zlmmerman1
College of Veterinary Medicine, lowa State University, Ames,2bximal
Disease Diagnostic Laboratory, Department of Comparatl\,iéathoblology,

Purdue University, West Lafayette, IN.

TTV is a small, norenveloped, singlstranded, negativeense, DNA virus belonging to genus
Anellovirus in family Circoviridae.1 TTV infections have been identified in swine, chickens,
cows, sheep, ts, and dogs, but TTV's potential to cause disease largelyneoradetermined.
Objectives:The purpose of this study was to describe the circulation of TTV in commercial
wearnto-finish populations coeurrently infected with PRRSMhe effect of TTV and
interactions with canfections (PRRSV, PCV2, influenza) on growing pig performance will be
evaluated using weekly morbidity/mortality data, tneant data, and closaut data. Methods:
Oral fluid samples were collected from 10 weesfinish sites at 2veek intervals from
placement (3 weeks of age) to clang¢. Samples were previously tested by PCR for BRR
influenza virus, and PCVZ.esting for TTV using PCRased assays specific for géypes 1

and 2 in is progress. Resulfanong 600 oral fluilkample, 120 have been testd@dventy-five

of 120 (21%) were positive for TTY and 97180%) were positive for TT\2. Twentythree of

the 25 TT\A1 positive samples were also positive for FZV Conclusions: Preliminary data
suggest that TTV infection was commim the 10 commercial wedn-finish cohorts monitored
in this survey.

10kamoto et al. 2002. Genomic characterization of TT viruses (TTVS) in pigs, cats and dogs and
their relatedness with specisgecific TTVs in primates and tupaias. J GeroV#3:12911297.
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PRRS Regional Eradication in Minnesota.

C. Corzo* and B. Morrison.
Department of Veterinary Population Medicine, College of Veterinary Medicine
University of Minnesota, Saint Paul, MN.

Porcine reproductivand respiratory syndrome (PRRS) is one of the most important pathogens

in the swine industry. Veterinarians and producers have been successful eliminating this virus
from their herds, but rnfection is common. Therefore, in 2004, local producers in atgou

located in west central Minnesota proposed to bring this eradication scheme to the next level and
start a regional eradication project. This county has many bresttiok) herds with high

biosecurity and health standards. Longitude and latitude cabedimvere used to plot all known
locations using ArcGIS 9.3. Each location was classified as positive, negative or unknown based
on expert opinion of the local veterinarian or by diagnostic tests such as serology and PCR. A
total of 89 farm locations, orteuck cleaning facility, one truck service facility and one-hog

buying station were plotted on the map. Of the 89 locations, there are 19 with sows, eight nursery
sites, 40 finishing sites, two boar studs, two boar stud isolation units, two 4H finides\glSi

empty sites and 3 sites that have been abandoned. In 2004 there were 31 locations that were
thought to have positive pigs. By 2006, the number of positive locations had decreased to 15 and
in 2008 there were four positive locations. Presentlyetheg only two positive locations; one
finishing site that will be emptied in September and a 300 sow farrow to finish site that is under
eradication planning. A total of 18 PRRS isolates have been sequenced. Three sow sites that
eradicated the virus bymen inoculation and herd closure, two sow sites eradicated the virus
through depop/repop and the remaining sites which were nursery/finishing sites have eradicated
the virus through depop/repop. The project has been expanded to include six surrounding
courties. To date, 85 additional locations have been identified, of which three are positive, 18 are
in the process of status definition and the remaining sites are negative. These results indicate that
PRRS can be eradicated from a region. Team work betwednqgers and veterinarians within

the region is essential. This study isgwing and updated information will be presented.
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Potential origin of the newly emerged highly pathogenic porcine
reproductive and respiratory syndrome virus in China.

TongQing A, Zhi-Jun Tiar, Yan Xiad, Ran Lf, JinMei Pend,
Tian-Chao Wel, Yi-Feng Jiang andGuangzhi Tong ?.*
'Division of Swine Infectious Diseases, National Key Laboratory of Veterinary
Biotechnology, Harbin Veterinary Research Institute, Chideselemy of
Agricultural Sciences, HarbinChina;? Shanghai Veterinary Research Institute,
Chinese Academy of Agricultural Sciences, Shanghai, China.

A highly pathogenic porcine reproductive and respiratory syndrome viru®RHSYV) mutant

has recentlymerged in China and caused large number of deaths of domestic pigs. Many HP
PRRSV variants were identified in China but little has been reported on their origin and the
evolutionary path. Based on the phylogenetic relationship of 3BRIRSV isolates fror6
differential provinces with other previously identified PRRSVs, we postulated that all the
Chinese HFPRRSV isolates likely originated from the same ancested &lke PRRSV. This
hypothesis is supported by a series of evidence: (i) the four consktetidns in HFPRRSV
isolates were accumulated gradually, while 1, 2, or 3 deletions were obsemtednrediate
PRRSVs. (ii) the progressive change of amino
(iii) the stepwise mutations of-ijlycosylation sites of GP5. (iv) in animal study, the
intermediate PRRSVs (Em2007, GD3, XS070425, etc) were molygpatbogenic (the
pathogenicity was stronger than €ld, but weaker than HPRRSV). (v) most of the

intermediate PRRSVs were isolated in the south of China, where the outbrealP&R8>

initially occurred.
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Prevalence and correlation between PRRS aporcine
Torque teno (TT) viruses in the Czech Republic.

Veroni ka Jar ogand\Badimiddelerk a Jankov§,
University of Veterinary and Pharmaceutical Sciences Brno, Department of
Microbiology and Immunology, Palackého, Brno, Czech Republic.

Porane reproductive and respiratory syndrome virus (PRRS) is member of the genus
Arterivirus, family Arteriviridae, a group of enveloped (+)RNA viruses. PRRS is one of the most
important diseases in the porcine industry. Two genotypes of PRRSV, Europeaorind N
American were described. Torque teno virus (TT) belongs to the genus Anellovirus. TT virus is a
small norenveloped virus with circular, singiranded DNA genome and may infect humans
and different animal species. Two different genotypes have deetified in pigs to date,
without apparent link to any specific disease. The goal of this work was to estimate the
prevalence of both TT virus and PRRS virus genotypes and the correlation between them in pig
herds in the Czech Republic. TT viruses wertected by nested PCR with specific primers
situated in the highly conserved intergenic region of the virus genome. Both genotypes of
PRRSYV viruses were detected by nested PCR with specific primers located in ORF7. We have
also used serological commerdElISA test for detection of PRRSV antibodies. The total of
100 serum samples from 24 pig farms was used for TT and PRRS virus detection. The overall
prevalence of PRRS infected animals was determined to 20% in 2008 and 26% in 2009. No
American PRRSv gengbg was detected. Number of PRRS positive farms was 52% in 2008 and
57% in 2009. The prevalence of TT1 and TT2 viruses was determined to 60% and 61%
respectively in 2008 and 58% and 79% in 2009. Number of positive farms for TT1 and TT2 was
92% and 100% reggtively in 2008 and 2009. No correlation was determined between
occurrence of TT and PRRS viruses in infected animals. This work was supported by the Grant
agency of Ministry of youth and education project no. ME08108 and Internal Grant Agency
VFU Brno poject no.: 235/2009/FVL.
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Collection of oral fluid diagnostic samples from individual boars.

A. Kittawornrat;* M . Engle? J. Johnsort,D. Whitney;" C. Olsen; J. Prickett!
T. SchwartZ K. SchwartZ, andJ. Zimmermar'
College of Veterinary Medine, lowa State University, Ames, IA.
P|C North America, Hendersonville, TN.

Objectives: Previous studies reported the use obpsed oral fluids for surveillance of swine
pathogens, e.g., PRRSV, PCV, influenza. The intent of this study was nmitetd oral fluids

could be collected from individual, penned boars. Methods: Three groups of 24 individually
penned boars, 5.5 months to 4 years in age, were evaluated (Replicate 3 in progress). Oral fluid
samples were collected daily for 29 dayshgsh/8" cotton rope. Prior to collection, ropes were
soaked with a solution of sucrose and apple juice and then dried. To familiarize the animals to
the collection process, boars were first allowed to investigate ropes placed on the floor of the
pen. Ter eafter, ropes were placed in "rope hol de
minutes and oral fluids were deposited as the boars interacted with the rope. To collect oral fluid
specimens, the bottom 6 inches (wet end) of the rope was insededsealable plastic bag

and cut. The bag and rope were then compressed and the extracted fluid decanted into a tube.
Results: With the exception of 2 boars in Replicate 2, all boars provided oral fluid samples.
Each replicate had a total of 696 saespli.e., 29 days of sampling x 24 boars. In Replicate 1,

690 of 696 potential samples were collected (99.14%); in Replicate 2, 596 (85.63%). The
average oral fluid volume per sample in Replicate 1 was 16.1 ml and 15.0 ml in Replicate 2.
(Replicate 3 irprogress.) Conclusions: Most boars can be trained to provide oral fluid samples.
Samples are quickly and easily collected. Research in progress will evaluate whether oral fluid
samples from individual boars are useful for diagnostic evaluation, tiiiscaapproach could be

used to monitor boar studs and sow herds for PRRSV and other infectious agents.
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PRRSV whole genome sequencing via negeneration sequencing.

J. E. Abrahante, J. C. Schwartz and M. P. Murtaugh.
Department of Veterinary and @nedical Sciences, University of Minnesota,
St. Paul, MN.

In order to better understand why PRRS outbreaks continue to occur in sow herds that are
Aprotectedd in the face of apparently solid h
complete genatidescription of the outbreak virus and link it to information such as virulence

and immunological crosseactivity. In 2007, we developed a standard set of universal primers

for PRRSV whole genome sequencing that were designed to 100% conserved regions

determined by ClustalW analysis of 11 PRRSV North American sequences acquired from

Genbank. These reagents and protocols allowed us to sequence and assemble over 40 whole
genomes. However, with time progression, evolution continues to reshape the genetic
conposition of the PRRSV genome at a rapid rate
amplify targets. These PCR amplification failures are due to newly introduced mutations. For
this reason, a static set of 0enaadsegaencthg pr i me
cannot be achieved. Constant redesign and optimization of primers makes routine conventional
whole genome sequencing impractical. It is our goal to establish a new protocol for quickly
sequencing new PRRSV strains regardless of any remglyired sequence mutations. We are

examining the next generation sequencing platforms; 454FLX (Roche) and Solexa (lllumina) to
compare the feasibility of performing multiplex sequencing reactions for dozens of PRRSV

genomes at one time.
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High fever disease: genetic variation and pathogenicity of porcine
reproductive and respiratory syndrome virus emerged in China

J. Wu*, J. Li*, F. Tiarf, S. Ren, J. Chef Z. Larf, X. Zhand, D. Yod, Z. Niuf,
andJ. Wang.
'Shandong Key Laboratory of Animal Risses Control and Breeding, Shandong
Academy of Agricultural Sciences, Jinan, Shandong, CA8tendong Center for
Animal Disease Control and Prevention, Jinan, Shandong, China.
*Dept. of Pathobiology, University of lllinois at Urbaftdampagne, IL, USA

A highly pathogenic swine disease designated as 'porcine high fever disease (PHFD) appeared
recently in China. Porcine reproductive and respiratory syndrome virus (PRRSV) was identified
as an agent associated with PHFD, and two discontiguous sequiatmmdevere identified as a
genetic marker in the Nsp2 region of the viral genome. To examine PHFD in the Shandong
province, a total of 10 PRRSV isolates were recovered from pig herds that had never been
vaccinated for PRRS. Sequence analyses of therepeing frame 5 (ORF5) showed that the
identity among the 10 isolates ranged between 88.2% and 99.2%. For tsteuntural protein 2
(Nsp2) gene, three isolates shared high sequence identity wviiBSR the prototype virus of

the North American genotgp while the remaining seven isolates exhibited two discontiguous
sequence deletions which were identical to those of PHFD; one amino acid (phenylalanine)
deletion at positions 482 and 29 amino acid deletions at positioAs6a38f Nsp2.

Experimental inéctions of pigs with SEIN, which was one of the seven isolates containing such
deletions, reproduced severe clinical symptoms characterized by red discoloration on the body,
hemorrhages in the lungs, kidneys, and inguinal lymph nodes, accompanied byrogladty

and longer duration of viremia. These symptoms were similar to those of PHFD observed in the
fields. Our results show that VR238Re PRRSV coexists with PHFBssociated atypical

PRRSV in the pig herds in Shandong area, and different PRRE&%esdiffer greatly in their
pathogenesis and virulence in pigs.
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Characterization and pathogenicity of one PRRSYV strain with 1
amino-acid deletion at position 481 of Nsp2.

Yanhua Li, Shuxian Chen, Lei Zhou, Jialong Zhang, Xin Guo, Xinna Ge,
andHandwun Yang*.
College of Veterinary Medicine, China Agricultural University, Beijing,
P.R.China.

Highly pathogenic porcine reproductive and respiratory syndrome virus (PRRSV) prevailing in
China is characterized by a uniqgued@tinoacid deletion in its Bp2coding region, namely at
amino acid positions 481 and 5881 in comparison with VR332. Here, one PRRSV strain
(BJO706) was isolated in 2007 from the clinical tissue sample and was sequenced, and its
pathogenicity for piglets was analyzed. The ressittowed that the complete genomic sequence
of the virus had 97:97.2% nucleotide identities with the highly pathogenic PRRSV strains
isolated in 2006, and 97.4% identities with the-\vulence strain (HBL/3.9) isolated in 2002,
with a amincacid deétion at position 481 of Nsp2. The animal experiments indicated the virus
exhibited lowvirulence for piglets, with minor changes in body temperature and no obvious
clinical signs of the inoculated piglets. Our data suggest that the virus-atiinbacid deletion

at position 481 of Nsp2 might be an intermediate virus during the evolution of the Chinese
highly pathogenic PRRSV.
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A Web-based Database and Phylogenetic Tools to Study Molecular
Epidemiology and Evolution of Porcine Reproductive and
Respiratory Syndrome Virus (PRRSV).

Jun Li, Charles La¥in Wong, Tommy Tsat¥uk Lam, Mang Shi,
andFrederick ChiChing Leung*.
School of Biological Sciences, The University of Hong Kong, Hong Kong SAR,
China.

Porcine Reproductive and Respiratory Syndromes/(PRRSV) is an important causative agent

of Porcine Reproductive and Respiratory syndrome (PRRS) disease in pigs, which causes global
economic burdens to the swine industry including US pork producers. This panzootic disease
was first reported almost suttaneously in Europe and North America in the late 1980s.

Recently, the emergence of fatal PRRSV variants in China highlighted the importance of
continuous surveillance and control of this panzootic virus. Our research has repeatedly shown
that evolutionay analyses of viral genomic sequence isolated from outbreak sites could provide
important understanding about the temporal and spatial patterns of viral transmission and
evolution, and the molecular determinants for the emergence of virulence durireyeitaion.

In this poster, we describe the development of a web tool (PRR&MooI) specifically useful

for virologists, veterinarians and porcine epidemiologists to analyze their own PRRSV sequences
in a secured and us#tendly environment over thetiernet to study the viral evolution and
phylogeny. The database and phylogenetic tools can assist veterinarians and pork producers to
understand how their PRRSV isolates evolved and how much they are genetically and clinically
differed from other field andaccine strains and thus help the choice of appropriate vaccine.
Utilities in PRRSV¥Webtool also provide insights on epidemiology history by estimating the

time of emergence and the geographical dispersion of the viral strains. With this PRRSV
database ahwebbased tools, fast and informative molecular epidemiology studies coupled with
the timely field investigation in outbreak sites could provide insightful information about the
virus emergence, and hence could improve and accelerate the design dfnceasures to

contain or mitigate the disease outbreaks.
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PriProET based melting point analyses on PRRSV positive field
samples.

Gyula Balka*, Adam Darf, Akos HornYaE Andrea Ladini, and
Miklés Rusvai
'Department of Pathology and Forensic Vigizry Medicine, Faculty of
Veterinary Science, Szent Istvan University, BudapeS{ungary Central
Agricultural Office, Veterinary Diagnostic Directorate, Budapest, Hundary;
Department of Microbiology and Infectious Diseases, Faculty of Veterinary
Science, Szent Istvan University, Budapest, Hunga@linic for Swine, Clinical
Department for Farm Animals and Herd Health, University of Veterinary Medicine
Vienna, Austria.

A onestep real time RIPCR method had previously been developed for thelsimaous
detection of both genotypes of porcine reproductive and respiratory syndrome virus (PRRSV).
The assay is based on pringgpbe energy transfer, and its most important advantage is the
relative tolerance towards mutations in the tapgebe regionThe presence of nucleotide
mismatches on the probe binding area results in melting point decrease making the assay able to
predict mutations on the probe binding site. For the further evaluation of the assay and detailed
characterization of the primer@probe binding sites 20 PRRSV positive field samples from
Hungary, Serbia, Austria, and a highly pathogenic strain from Bhutan, were collected and
sequenced from the terminal part of ORF6 to t
the primers anthe probe were analysed in details, and their sequences were compared to the
sequence of the primers and the probe. Every sample resulted positive with the PriProET assay,
and samples that showed nucleotide mismatches on the probe binding region edarshiing
points compared to the perfectly matching Lelystad strain. Based on the melting temperatures the
strains were grouped into 6 groups ranging from 62.2°C to 76°C. Surprisingly samples with
lowest melting temperatures were Type | strains thatdegirhismatches on the probe binding
site then Type Il strains. These mutations ho
indicating that mismatches at the 56 end of t
temperature. Areas that the primers ahtebhad no additional mutations compared to the
degenerated nucleotide positions, indicating that this method is a reliable tool for the detection of
various PRRSV samples.
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Molecular epidemiology of PRRS virus infections in Britain.

J.P. Frossard®S. Williamson, D. Westcott, B. NaidandT. Drew.
Veterinary Laboratories Agency (Weybridge), New Haw, Addlestone, Surrey,
U.K.

This research aims to establish the usefulness of viral genomic sequence data to veterinarians
attempting to control PRRS wuis infections in pigs in Britaifthe complete genetic sequence of
ORF5 from PRRS viral RNA from tissue or serum samples was derived from 121 recent (2004
2008) clinical cases of the disea€erresponding data from 16 viruses isolated in Britain
between 991 and 1995, and for the Lelystad reference strain and Porciliseatciin were

also availableThese sequences were all analysed phylogenetically, and by restriction fragment
length polymorphism (RFLP) analysis using ymes Acc |, Hae Il and SnaBThe data was

then used to compare viruses found, according to the farm of origin and samplinbhieme.
viruses yielded 16 different RFLP patterns, largely corresponding to clustersiedielogi
phylogenetic analysi©f 31 farms providing multiple sanmgs, 14 showed the mence of

multiple virus typesApparently similar viruses were identified that originated from different
farms, suggesting the potential for epidemiological links. Some of these were subsequently
investigated, andgssible links wer@dentified. These included common sources of animals,
shared veterinary ca, or geographical proximityn five cases of repeated outbreaks in the same
farms at different times, comparisons of the viruses demonstrated that in some instances the
same typef virus persisted, while in the majority of cases new virusesappdared in the later
outbreaksln summary, the availability of genetic sequence information is a useful tool for
veterinarians to inform potential control strategies for farms iniBntédh PRRS virus
infections.The data may be presented in the form of a phylogenetic analysis, but RFLP pattern
analysis provides similar information that may be easier to interpret.
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The first case of porcine reproductive and respiratory syndrome in
Bhutan.

T. Stadejek, V. Raikd, K. Chabro§ K. Rinzirf, andS. Parchariyandn
'Department of Swine Diseases, REference Laboratory f®#RRS, National
Veterinary Research Institute, Pulawy, Poldhthtional Centre for Animal
Health, Thimpu, BhutariNational Institute of Animal Health, Bangkok, Thailand.

The nucleus pig herd at the National Pig Breeding Centre (NPBC), Wangchutaba, Bhutan was
established in 2003 from the stock imported from the UK. On August 4, 2008, clinical symptoms
resembling PRR®ere observed in several sows. In August, 15 of 41 pregnant sows (36.5%)
aborted on 5209 day of gestation and two of them died. Three boars and two gilts also died.
From August through October 15 further sows (36.5%) born litters consisting of stalbvdrn

weak piglets. Pognhortem examination of the dead pigs showed congestion in lungs with
interstitial pneumonia and hemorrhages in all organs. Twenty eight of 49 piglets born life in this
period died before weaning. Serum samples from pigs from thetedfberd were found to

contain PRRSYV specific antibodies. To characterize PRRSV from Bhutan, sera from 30 pigs and
organs from four fetuses and two dead pigs were submitted to the OIE Reference Laboratory for
PRRS at the NVRI, Pulawy, Poland. Antibodieedfic for PRRSV genotype 2 were found in

sera from 14 pigs. By PCR, PRRSV genotype 2 was found in two of these sera and in one
sample from seronegative sow. In three of six organ samples PRRSVs RNA was also detected.
The results of PCR to detect specHi@ nt deletion in nsp2 coding fragment, considered the
marker of highly pathogenic PRRSYV strains from China and Vietnam confirmed presence of
such deletion in the sequences from Bhutan . Sequence analysis of the amplicons showed that
they were highly sintér to each other (99:700% at ORF5; 99:200% at ORF7). Their identity

to the highly pathogenic strains isolated earlier in China and Vietnam was also very high (98.8
99.7% at ORF5; 98:99.7% at ORF7). The presented data indicate that the first PRBr@alut

in Bhutan was caused by the recently emerged highly pathogenic PRRSV mutant. Interestingly,
since November 2008 no clinical symptoms of PRRS were observed in this herd and sows,
including those which aborted during the outbreak, delivered norneatliithe herd is being
monitored for PRRSV by ELISA and PCR and the results will be presented during symposium.
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Pathogenesis and antigenic characterization of a new East European
subtype 3 porcine reproductive and respiratory syndrome virus
strain.

Uladzimir U. Karniychuk*, Mar Geldhof, Merijn Vanhe§,
Jan Van DoorsselagrandHans J. Nauwynck
! aboratory of Virology, Department of Virology, Parasitology and
Immunology, Faculty of Veterinayledicine, Ghent University, Merelbeke,
Belgium.?Department of Health Care and Biotechnology, KATHO Catholic
University College of SouthVest Flanders, Roeselare, Belgium.

East European PRRSV sequences group separately within the European genotype and form
different subtypes. Phylogenetic analysis revé#at PRRSV Lena, what has been recently
isolated from a Belarusian farm with reproductive and respiratory failure is a new East European
subtype 3 PRRSV strain (GenBank accession no. EU909689, EU909690, EU909691,
EU909692, EU909693). Tenwdeekold conveational pigs were inoculated oronasally with 106
TCID50/pig of PRRSV Lena. Fever, inappetence, depression and high mortality (4 pige @ut of
died) were prominent sign§he infections were characterized by prolonged virus excretion in
nasal and tonsillagecretions, high viremia and the activation of bacterial pathogens. The highest
PRRSV titres in sera ranged from 104.8 to 106.1 TCID50/ml at different dayspostation.
Arcanobacterium pyogenesdStreptococcus suisere isolated from lungs of onéthe dead

animals and one euthanized pig, respectively. To examine the antigenic heterogeneity between
the East European subtype 3 strain Lena, the European subtype 1 strain Lelystad and the North
American strain US5, sets of polyclonal antisera weredastimmunoperoxidase monolayer
assays with homologous and heterologous antigens. Analyses revealed that Lena clearly differs
antigenically from both other strains. In conclusion, Lena is a highly pathogenic East European
subtype 3 PRRSV strain, which f@ifs antigenically from European subtype 1 Lelystad and

North American US5 strains. Since all present commercial kits for serological diagnosis are
based on antigens belonging to European subtype 1 and North American PRRSV, it can be
assumed that the obsed heterogeneity might affect the accuracy of serological results in
geographical regions where East European subtype 3 PRRSV strains circulate.

96



2009 International PRRS Symposium

77
Nucleocapsid proteinspecific IgG and IgM responses in oral fluids
during PRRSYV infection.

S.J. Wong V. L. Demarest J. K. Lunney, andR.R.R. Rowland?®
Diagnostic Immunology Lab, WadsworttCenter NYSDOH, Albany, NY
2USDA, ARS, BARC, APDL, Beltsville, MD’Dept Diagnostic Medicine and
Pathobiology, Kansas State Univ., Manhattan, KS.

The detectiomnd measurement of pathogens and pathsegenific antibody in oral fluids

provides the opportunity to conduct large scale surveillance usingiavesive sample

collection method. The purpose of this study was to evaluate the use of fluorescent
microimmunoassay (FMIA or Luminex) for the measurement of PRRB&tific IgG and IgM

in oral fluids in a relatively large population of experimentally infected pigs. The N gene from a
Type 2 PRRSYV isolate was cloned into pHUE and exafE. coli. The 5XHisUb-N fusion

protein was purified on a Ni column under native conditions. N protein was conjugated to
microspheres and incubated with oraidl samples diluted in buffeAntigenbound swine Ig

was detected with REBbeled antswine IgG or IgM. Micropsheresere analyzed on a BiBlex
instrument and results recorded as median fluorescence intensity (MFbBfofd iGcrease in the
background MFI response was considered positive fepétific antibody. For collection of oral
fluids, 190 three weekld pigs,divided into 12 pens, were infected with PRRSV isolate NVSL
97-7985. Oral fluids were collected by allowing pigs in each pen to chew on a copefor
approximately 20 minSamples were collected daily for the first 24 days after infection. The oral
fluid was extracted from the rope, centrifuged to remove debris and tested for antibody using the
FMIA procedure. Two of 12 pens showed af@ll increase in artN IgM MFI beginning at 6

days after infection; 7 pens seroconverted at 7 days; and the lasrpeanverted at 8 days. For

IgG, 10 pens seroconverted at 7 days and the remaining pens at 8 days. One reference pen of 10
virus-negative pigs maintained dlayround MFI levels for both fgover the study period.
Interestingly, IgM levels peaked at 9 daysl returned to near background levels by 22 days;
whereas, 1gG peaked at 10 days and remained elevated. The results from the study demonstrate
the accurate detection of PRRSyecific IgM and IgG in oral fluids and provide a riomasive

means to detecidy virus exposureuting primary PRRSV infectiorSupported by National

Pork Board grant #0233.
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Proficient isolation and titration of field PRRS virus from clinical
samples using a porcine alveolar macrophage cell line.

Federico Zuckermann*, Gabta Calzada\Nova, William Schnitzlein, and
Robert Husmann.
Department of Pathobiology, University of Illinois at UrbaDlaampaign, Urbana,

A major limitation for the study of the biology of PRRS virus has been the lack of established
cell lines that readily enable the isolation of field PRRS virus and the production of significant
amounts of virus progeny. The MARL5 cell line, a clone of the African Green monkey

kidney cell line MA104, is highly permissive to PRRS virus replication, but itires that the

virus be adapted to grow in this type of cell, and thus it is fairly inefficient. Accordingly, it is
often difficult to isolate wiletype virus from clinical samples. Primary porcine alveolar
macrophages are also used, but the resultsaaiale. Recently, our laboratory developed a
porcine alveolar macrophage cell line. This cell line, named ZMAC, was found to efficiently
support the replication of a number PRRS virus isolates, often achieving high titers (>107
TCID50/ml). Given the gparent high permissiveness of ZMAC cells to PRRS virus, we set out
to test the proficiency of this cell line to isolate field PRRS virus from clinical samples. The
ZMAC line proved highly efficient (>90%) at isolating PRRS virus within 72 hours after
expasing ZMAC cells to pig serum samples known to be positive to PRRSV biimeaPCR,

from which attempts to isolate PRRS virus in MARZ5, and even primary alveolar
macrophages, had failed. Furthermore, the ZMAC cell line allowed us to determine the
infectious virus load from these field samples. Remarkably, we observed a significant variation
between samples in the ratio of viral genome copy number and titer of infectious virus. Possible
reasons for this variability and the significance of this obsiervavill be discussed.

98



2009 International PRRS Symposium

79
A PRRSV Recombinant Protein Vaccine Capable of Decreasing
Viremia.

R.L. Vander Veen* M.A. MogleF, andD.L. Harris*%*
Veterinary Microbiology and Preventative MedicinéAnimal Science,
3Veterinary Diagnostic and Riaction Animal Medicinelowa State University,
*Harrisvaccines, Inc.

The objective of this study was to test the efficacy of a PRRSV recombinant protein vaccine
produced usingie alphavirus replicon systeifen pigs received the PRRS vaccine afgigs
received sham vaccin€he PRRSV recombinant vaccine contained GP5, Matrix (M), and GP5
M heterodimer proteins mixealith an oitin-water adjuvantBriefly, pigs were vaccinated on
Days 0 and 21, challenged with virulent PRRSV on Day 42, and necropsiayd@8. The
challenge virus was a highly glycosylated (¥Acurrently circulating field strain. Serum was
collected from all pig weekly throughout the studit necropsy, lungs were examined for
lesions, various tissues were collected, and broadlenlarlavage was done on the lun@n

the day of challenge 8 of 10 pigs in the vaccinated group had positive antibody response to the
GP5M heterodimer (controls were all negative)determined by Western bloAt 14 days
postchallenge the vaccinatedgsi had significantly lower serunvé virus titers than controls.
Similarly, at 14 days posthallenge the vaccinated pigs had significantly lower serum PRRSV
copies as dected by PRRS\pecific gPCRIDEXX ELISA values were lower throughout the
postchalenge period for vaccinated pigs, however the differenceneasignificantly different.

At challenge, all pigs were IDEXX negative, thus demonstrating thARBpability of this
vaccine.These results indicate that a PRRSV recombinant protein vacodegad using the
alphavirus replicon system is able to decrease viremiachadifenge.
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Modified live PRRS virus vaccination as a key component in
nursery pig performance improvement.

G. Spronk*, T. Wetzelf, andR. Philips.
'Pipestone Veterinar@linic, Pipestone, MN;
’Boehringer Ingelheinvetmedica Inc, St Joseph MO.

The objective of this study was to determine if stabilization of an unstable sow herd along with
vaccinating pigs preveaning (510 days of age) with Ingelvac® PRRS ATP could cedihe
unacceptably high mortality rate in the first 8 weekswesaning. Methods: The study was

conducted in two 3,250 sow farrei-wean farms located in lowa and Minnesota.

The breeding herd PRRS stabilizationappbgaahm.
A 200 day supply of gilts was entered into the farms which were then closed to new animal
entries for a minimum of 200 days. All breeding animals including developing gilts were mass
vaccinated twice 30 days apart with Ingelvac® PRRS ATP (Baogdr Ingelheim Vetmedica,

Inc., St Joseph, MO). Both herds practiced industry standard MCREBEL methods with no piglet
crossfostering after 24 hours of age for at least 30 days. Piglets were vaccinated éays of

age with the same vaccine. On mosttawous flow sites, mass vaccination of all pigs occurred
twice 30 days apart when the first PRRS vaccinated weaned pigs entered the site. PRRS PCR
testing was conducted everydaveeks on 20 poor quality pigs aged 5 days and younger pooled
ingroupsof5 ASow herd stabilityodo was defined as ne
PCR tests on these pooled piglet sera. PRRS PCR testing of 15 pigs (3 pools of 5 from sick pens)
from each group at-8 weeks post weaning was done and PCR positives were sequém in

process intervention analysis was done using statistical process control methods on mortality for
the first 8 weeks post weaning. Results: Pig mortality rates during the first 8 weeksposig

were significantly reduced from 8.1% to 2.5% ddd1% to 2.95% from Farms 1 and 2

respectively. Conclusions: The sow herd stabilization program along with vaccination of pigs at
5-10 days of age has proven to be very effective in reducing mortality during the first 8 weeks
post weaning. This occurred spite of wildtype virus, including the highly virulent isolate 1

18-2, persisting on or being laterally introduced to five of the sites.
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Modified live PRRS vaccination provides heterologous protection
against virulent 1-18-2 challenge.

D. Jordan*, S. Layton, R. Philipd, andM Genzow.
'Boehringer Ingelheim Vetmedica Inc, Ames, &t Joseph , MOlingelheim,
Germany.

The objective of this study was to assess the efficacy of a modified live PRRS virus vaccine in
protecting against challenge B\RRSv 118-2 using a well established respiratory challenge

model in growing pigs. Methods: A randomized, blinded vaccinatf@ilenge study was

performed in 25 threeveekold PRRSv and M. hyopneumoniae naive pigs. The study consisted
of three groups. Gup 1 (Vaccinates, n=10) was vaccinated with Ingelvac® PRRS ATP, a
modified live vaccine, on Day 0. Group 2 (n=10) was unvaccinated (Challenged Controls).
Groups 1 and 2 were challenged on Day 21 intranasally with 2.0 mL (1.0 mL/nostril) of
inoculum contaiing 105.92 TCID50 virus/mL of a highly virulent PRRS\L&2 isolate. Group

3 (Strict Controls, n=5) was unvaccinated and not challenged. The study was terminated 14 days
following challenge; all animals were euthanized and lungs were scored for |&amtwas
collected to assess Viremia. Data were evalua
Exact Test in a pairwise fashion, respectively. Results: Vaccination resulted in a significantly
reduced prevalence of viremia and significantly reduced lesion scores 14 days post

challenge compared to challenged controls. Conclusions: In the PRRSv respiratory challenge
model, the challenge inoculum routinely consists of approximately 104.0 TCID50/mL of PRRSv
as compared to 105.92 TCID50/mL in the préstndy. Similarly, four weeks is typically

allowed for onset of immunity prior to challenge as compared to three weeks in this study. Even
with a more potent challenge and shorter period for onset of immunity, vaccination with
Ingelvac® PRRS ATP providedl significant level of crosprotection against a highly virulent
heterologous PRRSw18-2 isolate. These findings are consistent with previously published
reports of heterologous protection conferred by modifieel PRRS vaccination in 16 of 16
controlled pig challenge studies using one of five different heterologous challenge strains. The
reduction in viremia demonstrated in vaccinates is consistent with the findings of previously
reported challenge studies.
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Evaluation of lung lesions after PRRSV ({pe I) challenge in
vaccinated and nonvaccinated pigs.

Gy. Balkd*, A. Ladinig?, M. RitzmanA, A. Saalmiillet, W. Gernet, T. Kaset,
. M. Rusvat, andH. WeilRenbdck. N
Department of Pathology and Forensic Veterinary Medicine, Faculty of
Veterinary Scieng Szent Istvan University, Budapest, Hunga@finic for Swine,
Department for Farm Animals an Veterlna?/ Public Health, University of
Veterinary Medicine, Vienna, Austridnstitute of Immunology, Department of
Pathobiology, University of Veterinary Meine, Vienna, Austriainstitute of
Pathology and Forensic Veterinary Medicine, University of Veterinary Medicine,
Vienna, Austria.

The aim of the study was to characterize lung lesions after a challenge with a recently isolated
Type |, subtype 1 PRRSHeId strain in growing pigaviethods: Thirtysix 3weekold PRRSV
negative pigs were randomly assigned to three treatment groups with 12 pigs each. Group 3 was
vaccinated with a commercial live PRRSV Type | vaccine (DV strain). Five weeks after
vaccinaton pigs of groups 2 and 3 were challenged with 2.2 x 105 TCID50 of a Type 1, subtype
1 virulent PRRSYV field isolate. The challenge isolate and the vaccine strain shared 89 %
nucleotide and 91 % amino acid identity on ORF5 (GP5) and 95 % nucleotide ana@86

acid identity on ORF7 (N). Group 1 served as a negative control. Animals were euthanized on 10
DPI (n=6 per group) and 21 DPI (n=6 per group). Severity of macroscopic and microscopic lung
lesions was scored-®). The microscopical evaluation. Thécnoscopic evaluation of the lung

lesions was performed as a blinded analysis and the lesions were scored based on the following
criteria: (1) pneumocyte hypertrophy and hyperplasia, (2) septal mononuclear infiltration, (3)
intraalveolar necrotic debrisg)intraalveolar inflammatory cell accumulation and (5)

perivascular inflammatory cell accumulation. Severity and extension of the lesions were scored
from O to 3 for e aestanalysisiwags pérforimed to cdnparedhe nesufisof T
the diferent groups on the two slaughter days. For further characterization of the lung lesions,
immunohistochemical stainings were performed using@aitikeratin, antKi67, antiHlysozyme

and aniPRRSV nucleocapsid (SDOW17) antibodies to identify alveoliénafal cells,

proliferating cells, macrophages and viogected cells, respectiveliResults: Significant

di fferences (macroscopic | esions: p O 0.0285,
between challenged animals (group 2 and group 3, severe lung lesions) and the negative controls
(group 1, almost no lung lesions). In contttasthat, summarized lung score values of vaccinated
(group 3) and nowaccinated pigs (group 2) were not significantly different (macroscopic

l esions p O 0.0607, microscopic lesions: p =
upregulation of gtokeratin positive epithelial cells, increased number of proliferating cells and
accumulation of macrophages but very low numbers of PRE®\tive cells in the lungs of

infected animalsConclusion: The data demonstrate that a recent PRRS Type | fagtdistable

to induce severe macroscopic and microscopic lung lesions upon experimental challenge of
growing pigs. The fact that the severity between vaccinated andawomated challenged pigs

was not significantly different is in line with other refsindicating that available live modified

PRRS vaccines do not always provide complete protection against all types of currently

circulating PRRS strains.
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Steps towards development of a novel mucosal vaccine to PRRSV.

Varun Dwivedi*, Cordelia Manicam, Ruthi Patterson, Katie Dodson, and
Renukaradhya J. Gourapura.
Food Animal Health Research Program, OARDC, Ohio State University, Wooster,
OH.

PRRS control and prevention has been focused on improving the efficacy of vaccine with array
of adjuvants, buso far with limited success. Our study was aimed to identify effective mucosal
adjuvants in pigs from among nine different bacterial preparations administered intranasally with
PRRSmodified live virus (PRR&JLV) vaccine. Our immunological analysis costsi of

mucosal and systemic immune cells phenotypic analysis, cytokine analysis in serum, and
PRRSV specific recall memory cytokine responses study in mononuclear cells isolated from
blood, lung and tracheobronchial lymph nodes (TBLN). Based on our stedgentified
Mycobacterium derived whole cell lysate (WCL) as one of the potential mucosal candidate
adjuvant to PRRSV vaccine. The favorable adjuvanticity of WCL to PRIR® was indicated

by an increase in the frequency of dendritic cells (SWC3a+CD11si8&s I1+), cytotoxic T
lymphocytes (CTL) (CD3+CD&3+), memory/Th cells (CD3+CD4+CD§;tand NK cells, with
concomitant increase in Thl (IFN a nl®) ahdlprenflammatory (IL-6), and decrease in
immunoregulatory cytokines (ilOand TGFb ) , compared to vaccine alo
long term studyntil postimmunization day (PID) 60, less of cytokine, TjGand lesser

frequency of Tregulatory cells in TBLN, lung and blood, mediated by WCL to PRRY was
detected compared to vaccine alone pigs. In addition, increased frequency of CTL, memory/Th
cells, and NK cells were also detected in those pigs. Interestingly, a significant increase in NK
cell-mediated cytoxicity was measured in NK cells of blood and lung of WCL+PRRS
administered pigs compared to control pigs, as analyzed by a colorinsstaic &urrently,

challenge studies with PRRSV homologous {¥832) and heterologous (MIB4) strain in
intranasally immunized pigs with WCL+PRRLV are in progress to confirm the adjuvanticity

of WCL in terms of actual protection. This project is supmbhig National Pork Board to RJG.
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Analysis of the aberrant immune response induced by a PRRSV
type 2 isolate naturally lacking glycan residues in two envelope
glycoproteins.

H. Vu™, B.J. Kwort, K.J. Yoorf, W. Laegreid, A.K. Pattnaik and F.A. Osorib

'Dept. of Veterinary andBiomedical Sciences, University of Nebradkacoln,

Lincoln, NE.?Dept. of Veterinary Diagnostic anéroduction Animal Medicine,

lowa State University, Ames, IADept. of Veterinary PathobiologyUniversity
of lllinois at UrbanaChampaign, Urbana, IL.

PRRSVtspecific neutralizing antibodies (NAbs) are highly protective when passively transferred
or induced by vaccination prior to infection. However, pigs infected with PRRSV typically
develop a weak and belated NAb responbke&wvresults in ineffective resolution of the infection.
During our studies on stflypification by cross neutralization of PRRSV isolates, we identified a
PRRSV fieldisolate 192481 ( her ein referred to as A010)
and indices a rapid and robust NAb response. The peak NAD titers induced by O1 isolate may
reach up to 1:8192 which is about 128 to-2&l6l higher than the titers elicited by infection with

a typical wt PRRSV strain. Sequencing analysis of O1 structural geresde@ that this isolate
lacks one glycosylation site in its GP3 at position 131 and one in GP5 at position 51, both of
which are normally present in those of other PRRSV strains. A chimeric virus was generated to
study the influence of alteration of glygdation patterns on the susceptibility of the virus to

NAbs and its ability to induce NAb production by replacing the structural genes of FL12 cDNA
infectious clone with the counterparts of O1. The resulting chimeric virus, designatedDds FL
maintainsthe same characteristics of its parent O1, demonstrating that the NAb phenotype
segregates with the structural genes of PRRSV. Glycosylation sites wet®deiced back to
FL-O1 either at GP3 or GP5 alone or both of them together. We found-ih&deiction of
glycosylation in either GP3 or GP5 resulted in a significant reduction of the susceptibility of the
virus to NADs. Interestingly, synergistic effect was observed when the glycosylations were re
introduced simultaneously in GP3 and GP5. We comrcthdt alteration of glycosylation

patterns in GP3 and GP5 is responsible for the high susceptibility of O1 to NAbs. Our
experiments unequivocally confirm the notion that, besides GP5, the GP3 of PRRSV is
important for induction of NAbs. Animal experimertee now being conducted to study the

effect of alteration of glycosylation patterns on NAb induction.
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Enhancement of regulatory T cells during primary and secondary
swine infected with porcine reproductive and respiratory syndrome
virus.

Erika SilvaCampa, Lilian Flored/lendosa, Ménica Reséndiz, Karina Espinoza,
Veronica Mata and Jesus Hernandez.
Laboratorio de Inmunologia, Centro de Investigacion en Alimentacion y
Desatrrollo, A.C. Hermosillo, Sonora, México.

The aim of the present study was tadstif PRRSV can induce regulatory T (Tregs) cells in

vivo as a mechanism to suppress swine immune response. Seven weeks old (n=10)frE&RSV
pigs were infected with 5ml of 105 TCID50 (strain NVSL-B895), and blood samples were

taken each week duringdoweeks posinfection (PI). Viral load and arf?PRRSV antibodies

title were quantified, as well as the frequency of CD25+Foxp3+CD4+, CD25+Foxp3+CD8+,
CD25+Foxp3+CD4+CD8+ and CD25+Foxp3+CGOMD8E- cells populations. In addition, blood

and semen samples frddRRS\tnaturally exposed (n=9) and PRR®¥e boars (n=5) were

taken. Viral loads in semen and serum, antibody titer, frequency of CD4+Foxp3+ and
CD8+Foxp3+ and mRNA expression of T®F a nID on PRRSWtimulated PBMC was
evaluated by gPCR. Results shemwiremia was detected after 1 week Pl, andRRRSV
antibodies after two weeks PIl. PBMC proliferation response induced by PRRSV was detectable
until 2 wk P1 and remained constant until 4 wk PIl. The analysis of cytokine mRNA expression
showed that incaese I-:10, TGF[J, and Foxp3. The analysis of Tregs cells showed that
CD8+CD25+Foxp3+ population remain stable during the time of infection. However, after 2
week Pl CD4+ CD25+Foxp3+ increased. The results of naturally exposed boars showed that
CD4+Foxp3+ ppulation on infected boards was greater than the uninfected ones. On the other
hand, no changes were observed on CD8+Foxp3+ population. The mRNA analysis in PBMCs
from infected swine stimulated with PRRSV had an increase in the expression-@f Tasld)
(p<0.05). These results represent the fists evidence in vivo that PRRSV increase the frequency of
regulatory T cells. This information can contribute to explain the delay in the onset of cellular
immune response and the low production of4#N b y  P5beé&lfis V cells.
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Performance of a New, SingléVell Format IDEXX PRRS ELISA
Diagnostic.

A.M. Rice*, L. Plourde, C. Muentener, H. Liauw, and V. Leathers.
IDEXX Laboratories, Inc. Westbrook, ME

The IDEXX HerdChek* PRRS 2XR Ab Test Kit, a dual welllBR, is routinely used for

monitoring swine populations for exposure to Porcine Reproductive and Respiratory Syndrome
(PRRS) Viral infection. In this study, a new singlell format IDEXX PRRS Ab ELISA
(HerdChek* PRRS X3) was asseddor diagnostic perfanance Multiple populations were

used to evaluatsensitivity and specificityRositive populations included field exposed,
vaccinated, and experimentally exposed animals; negative populations were composed of field
negatives and singleton reacdrom PARS 2XR ELISA testingThe single well ELISA assay
resulted in 98.8% diagnostic sensitivity when tested on > 1000 characterized PRRS positive sera
samples. Seroconversion was detected as early as eight days post infection (dpi) and positive
status detectiowas maintained as late as 175 dpi in experitally infected population$he
diagnostic specificity of PRRS X3 was determined to be 99.9% using a population of 1445
negative sera. A unique population of expected negative sera which tepioisitsee ;mn PRRS

2XR ELISA (singleton reactors) are predominantly negative using the siel®RRS X3
format.As many as 90% of these singleton reactor samples are classifiegadse by the

PRRS X3 ELISATherefore, the new PRRS X3 test kit for Ab detectioawine sera exhibits
improved diagnostic specificity with reduced risk of false positives, as well as equivalent or
improved detection of serocomgeon as compared to PRRS 2XR addition, the singlevell

format of PRRS X3 provides an ease of use adggnéallowing for more samples tested per

plate.

* HerdChek is a trademark or a registered trademark of IDEXX Laboratories, Inc. in the United
States and/or other countries.
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Replicon particles expressing PRRSV GP5 and Matrix reduce
viremia following homologous and heterologous challenge.

M.A. Mogler', R.L. Vander Veeh M.M. Erdmar, andD.L. Harris**®
lowa State University,Department of Animal Science and
2VDPAM: *Sirrah Bios, Ames, lowa.

Two groups of ten pigs were vaccinated with alphaviteis/ed replicon particles (RRncoding
PRRSV ORF5 and ORF&roup 1 received ORF5 RP derived from PRRSV strains HLV013
and HLV093, and PRRSV ORMP derived from strain HLV34%roup 2 received ORF5 and
ORF6 RP deved from PRRSV strain HLV34®A third groyp of ten pigs received a placebo.
Vaccine was administered intramuscularly on Day 0 andZawpt a dose of 2x109 RP/pig.

Prior to challenge, an Interferen ELI SPOT assay showed significa
stimulation in Group 1 when compared to placéBroup 2 vs placebo p=0.08igs were
challenged intranasally with 2x105 TCID50 dRRSV strain HLV349 on Day 3&uthanasia

ard necropsy occurred on Day #bllowing challenge, both vaccinated groups had significantly
lower mean IDEXX ELISA S/P ratios &R days post challengepd) when compared to
placebosAt 14 dpc, Group 1 had significantly lower IDEXX ELISAFSratios compared to
placebolive virus titration at 14 dpc was significantly lower in both vaccinatedigs when
compared to placeb@heseresults indicate that replicon particles expressing GP5 and Matrix
induce specific humoral andlcenediated immunity to PRRSMWIso, the IDEXX ELISA and

live virus titration results indicate a reduction in viremia in both homologous and heterologous
challenge scenarios.
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Swine Toolkit progress for the US Veterinary Immune Reagent
Network.

JK Lunney*, P Boyd", J LaBresh L KakacH, B Wagne?‘ D Tompkin,

E Hudgen§ andC Baldwin?
1APDL BARC, USDA, Beltsvnle MD?Kingfisher Biotech, St. PauMN;
3Cornell UnlverS|ty, IthacaNY Umversﬂy of Massachusetts Amherst, MA.

The US Veterinary Immune Reagent Network (vetimm.org) was established to address the lack
of sufficient immunological reagents specific for ruminants, swine, poultry, equthe a

aguaculture species. In 2009 major progress has been made to produce sets of reagents for pigs.
Recombinant chemokines CCL2, CCL3L1, CCL4 and CCL5 were expressed in Pichia as and
shown to be bioactive using chemotaxis. Monoclonal antibodies (mAD) t@ G&le been

developed; others are in progress. The cytokines, interlduk(ifiL-13), IL-15, interferoralpha

(IFNa) and IFN3 have been expressed; bioactivity of IFNb has been affirmed, testing of the

others is underway. Hybridoma fusions for mAb to cytekieceptors (H4R, IL-13R) have

resulted in several mAbs; these were developed using the Cornell Univ. based fusion protein
expression system for immunizations and screening ELISAs coupled with flow cytometry of
whole cells as a final bioassay. Work focell receptorsT CRaf, is underway. A priority

reagent development list and progress update for swine is available at vetimm.org as are all
bioassay methods and gene sequences. Since many swine cytokine and CD reagents are available
commercially the Network website includedisting of those reagents and is regularly updated.

Our goal is to produce reagents that function in ELISA, Luminex assays, ELISPOT and flow
cytometric applications as well as in fixed tissue sections. Products developed in this proposal
are available te@ollaborators and have been made commercially available usirgxearsive

licenses. This project was funded by USDA CSREES proposat@DBE2 and ARS.
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El uci dati on of mechani sms of TNF

Sakthivel Subramaniam, Byungjoon Kwon, Lalit K. Beura, Asit K. Pattraai,
Fernando A. Osorio.
Department of Veterinary & Biomedical Sciences, University of Nebraska
Lincoln, NE.

Porcine reprodetive and respiratory syndrome virus (PRRSV) is known to actively suppress

tumor necrosi s f ac t-earlyinbate(cyfokifreln) infectadrpulmomarye d i at e
al veol ar macrophages. Macrophages are major p
bace r i al infections. |l nduced TNFU can directly
susceptible cells as well as it can also promote the inflammatory response at the vicinity of

infected cells by inducing the production of other-pritammatory cytokies and mediators.

The objective of this study is to find the PRRS viral component(s) and the mechanism through
which they inhibit the expression of TNFU. He
specific luciferase reporter plasmid andtansfected ialong with individual PRRS viral nen

structural proteins or N protein in RAW 264.7 cells. When these transfected cells were

stimul ated with | ipopol ys ac estuatural pregeinl @&Nspd)n o wn i
was able to strongly suppresstheswvin TNFU pr omoter activity. Spec
found to significantly suppress snediaee TNFU pr
suppression of TNFU promoter was found to be
reporter plasmidsspecifc t o transcription factors (TFs) tF
found to mainly inhibit the activity of two TFs, Spl and Hghat are induced by MAPK
signaling pathway. Fine mapping of Nsplb sequ
reverse gnetics approaches will be the logical continuation of this research.
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GP4 of PRRSV contains a neutralizing epitope that is susceptible to
immuno-selection in vitro.

SarahCosters*, David J Lefebvre!, JanVan Doorsselaere Merijn Vanhee' &
Hars J Nauwynck'.
L aboratory of Virology, Department of Virology, Immunology and Parasitology,
Faculty of Veterinary Medicine, Ghent University, Belgifibepartment of
Health Care and Biotechnology, KATHO Cathdliaiversity College of South
West Flandes, Belgium.

GP4 of Lelystad virus (LV), the European PRRSV prototype strain, has been described to
contain an immunodominant, neutralizing epitope in its arténminal domaif This epitope

coincides with the most variable region of GP4. Whether thiahiéity results from

immunological pressure exerted by neutralizing antibodies was never investigated. Therefore, the
present study aimed to determine whether this neutralizing epitope on GP4 is sensitive to
immunoselection by antibodies in vitro. Fdrat purpose, LV GR4pecific monoclonal

antibodies (mAb) were produced and characterized. Three mADb, directed against the neutralizing
epitope on GP4, were selected. Cultivation of LV on macrophages oflMarcells in the

continuous presence of eithertbése 3 mAb resulted in the emergence of médistant LV

within 5 passages. To determine whether the resistance to neutralization was mediated by amino
acid (aa) substitutions in the neutralizing epitope of GP4, ORF 4 was sequenced. Comparing the
GP4 aassequence of the original LV and the GP4 aa sequences of the obtaine@sisddnt LV
revealed aa substitutions within the GRelutralizing epitope. In conclusion, this study shows

that the neutralizing epitope on GP4 is susceptible to immsaleaztion byantibodies.

4 Meulenberg JJ et al. 1997osttranslational processing and identification of a neutralization
domain of the GP4 protein encoded by ORF4 of Lelystad virus. J Virol 71:@GUIE/1
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Comparison of protection of pigs vaccinated by European ah
North American genotypes PRRS virus to challenge with Chinese
type atypical PRRSV.

S.A. Kukushkif*, T.Z. BaybikoV, A.E. Fomir, E.P. BaborenKo I.A. Pronir,
andV.l. Chermashentsév
'Feder al Government al | nsti ttuhd onF GIFed
AARRI AHO) , VI dhkiAlkRussian SRie Seniredor Quality and
Standardization of Veterinary Drugs and Feed (VGNKI), Moscow, Russia.

The epidemic of highly virulent PRRS caused by new atypical virus of North American genotype
was regstered in China and Vietnam in 202607 (Tian et al., 2007; To et al., 2007). In August
2007 the similar virus was isolated in the Irkutskaya Oblast in Russia, where the first outbreak of
new atypical PRRS outside Sotiast Asia was registered (Kukushlkinal., IPRRSS 2008).

The purpose of our study was to compare protection of pigs to challenge with new atypical
Chinesetype PRRSYV after immunization with two commercial vaccines based on Eurapegan
American genotypes PRRSWFor experiment 16 thremoni-old PRRSseronegative piglets

were divided into four groups: Group 1 (6 piglets) was immunized with a commercial live
vaccine with North American genotype PRRSV; Group 2 (5 piglets) was immunized with a
commercial live vaccine with European genotype PRR&oup 3 (3 piglets) was a non

vaccinated control; Group 4 (2 pigsa naive control. Six weeks after vaccination all pigs of
Groups 13 were intranasally challenged with highly pathogenic Chitygse PRRSirus

Al rkut sky PRofom Grougltwerakept isolated and were not infected. All animals
were slaughtered on day 23 after infection for examination of lung lesions score according to
Halbur et al. (1995). The observation of infected pigs demonstrated that the degree of clinical
signs marfestation and their duration significantly varied between groups. All pigs vaccinated
with PRRSV of North American genotype demonstrated depression, cough and inappetence on
2-6 days after challenge. From day 7 onwards health status of pigs began teeinfquopigs

out of six started eating actively and by day 14 all animals were completely normal. Pigs from
the group inoculated using a vaccine on the basis of European genotype, demonstrated
depression, partial or full refusal from feed, cough ®nl8 days after challenge. From day 16
onwards appetite and clinical state of animals fully normalized. Pigs from challenged non
vaccinated control group demonstrated the same clinical signs starting with day 2 after challenge
till slaughter (day 23). Averagerig lesions score in groups 1, 2, 3 and 4 was 7.63+£13.40%,
18.63+£17.60%, 39.67+31.63% and 0.25+0.35%, respectiRelsults of investigation showed

that none of the vaccines fully protected pigs from infection with highly virulent new atypical
PRRS virusHowever, degree of lung damage in the group, vaccinated with homologous virus of
North American genotype, was twice lower than that in the group vaccinated with heterologous
European strain. Degree of clinical signs manifestation and their duration eeprdaounced

in vaccinated groups as compared with-wrancinated control.
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Design of a TGEV vector to protect against porcine reproductive
and respiratory syndrome.

Jazmina L.G. Cruz Sonia Zafigy Carlos M. SanchezSarhay Ros
Sandra JuanofaJoan Plarfaand Luis Enjuanés.
'Department of Molecular and Cell Biology. Centro Nacional de Biotecnologia,
CSIC. Madrid. SpairfFort-Dodge Veterinaria, S.A. Girona, Spain.

A set of coronaviruslerived vectors, based on transmissible gastroesteritis (TGEV) fas

been constructed. These vectors stably express high levels of heterologous genes, are potent
interferorr[] inducers, and present antigens in mucosal surfaces, providing both secretory and

systemic immunity. A TGEV derived vector (rTGEV) was generatepkessing PRRSV GP5

and M proteins, described as the main inducers of neutralizing antibodies and cellular immune
response, respectively. Protection experiments showed that vaccinated animals developed a
faster and stronger humoral immune response thamotireaccinated ones. Nevertheless, low
levels of neutralizing antibodies were elicited after rTGEV inoculation, similarly to what occurs
with PRRSYV infection. This could be due to a steric hindrance caused by the glycosylation sites
mapping close to the otralizing epitope in GP5 protein. Therefore, a set of FTGEV vectors
expressing M protein and GP5 mutants, with a modified glycosylation pattern, were generated.
These vectors stably expressed GP5 and M proteins, forming a heterodimer, in at least a 80% of
TGEV infected cells. To increase rTGEV stability and improve expression levels, serial passages
and virus cloning are ongoing. Immunization with a killed vaccine based on this rTGEV vector
has provided preliminary data indicating that vaccinated anirheiteé a higher and faster

PRRSV specific humoral immune response, including the induction of both neutralizing and
nortneutralizing antibodies. Moreover, in vaccinated animals viremia and lung damage were
decreased when compared with the-mancinated nes. The efficacy of this live vaccine in
protection is being analyzed using granuloayigcrophage colony stimulating factor (G86F)

as an adjuvant. To identify additional correlates of protection, a rTGEV vector expressing
PRRSV GP2, GP3 and GP4 protehms been constructed. Immune response elicited by this
vector, alone or in combination with previous rTGEVs expressing PRRSV antigens is being
evaluated.
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Effect of PRRSV Infected Monocyte DerivedDendritic Cells on the
Induction of Interleukin -10 Producing Lymphocytes.

P. Wongyanih, S. BuranapraditkudnR. ThanawonguweéhJ.A.RotH,
andS. Suradhat
YInterdisciplinary program of Medical Microbiology, Graduate School,
Chulalongkorn University, Bangkok, Thailarfd; Faculty of Veterinary Science,
Chulalongkorn University, Bangkok, Thailariepartment of Veterinary
Microbiology and Preventive Medicine, College of Veterinary Medicine,
lowa State University, Ames,lowa, USA.

Introduction: Several evidences suggest that PRRSV has immunomodplatoeyty.

Moreover, there are studies demonstrate that PRRSV can induce an immunosuppressive cytokine
interleukin10 (IL-10) in the early phase of infection. Since the major target cells of PRRSV are
antigen presenting cells (APC) such as monocytes, mplaages and dendritic cells. PRRSV
induced immunosuppressive effect has been related to altered functions of APC in the infected
pigs. In this study, induction of L0 producing lymphocytes by PRRSMected monocyte

derived dendritic cells (MoDC) was euaked. Materials and Methods: PBMC and PBL were
isolated from PRRSVseronegative pigs. Far vitro activation, PBMC and PBL (6x£0

cells/ml) were cultured in the presence of 0.1 moi of PRRSV for 48 hr. To analyselfe IL
production in the lymphocytgopulation, flow cytometric analysis was performed using the anti
swine 1L-10 (ASC9109, Biosource). Porcine MoDC were generated using the Fast DC protocol.
The MoDC were cultured alone or with 0.1 moi of PRRSV or MARIS mock infected cell
lysateat 37°C in a 5% CQincubator for 24 hr. Following the incubation, the MoDC were
washed with PBS followed by an addition of the autologous PBL. Following theid&ilmo
co-culture, the cells was harvested analysed fetOlproducing cells by flow cytometrfhe
numbers of 110" cells were expressed as mean %O cells + SEM. Data were corrected by
subtracting the % H10" cells from that of the cells cultured with mock infected MARLS
lysate.Results: The percentages of1D producing cells in theBMC, PBL cultured with

PRRSV and PBL cultured with PRRSkfected MoDC were 2.26+0.19, 2.6+0.38 and

4.74+0.42 respectively. The number of10 producing cells in the PBL cultured with PRRSV
infected MoDC was significantly higher than those of the PBMERI cultured with PRRSV
(repeated measures ANOVA fol | owg<0000lN=6T.uk ey ds
Conclusions: Ceulturing of porcine PBL with the PRRSifected MoDC resulted in

significant increase in the number of1I0 producing lymphogde, compared with the number of
IL-10 producing lymphocyte generated byatdgturing of the freshly isolated PBMC or PBL

with PRRSV. This result suggested that PRR8cted MoDC exhibited enhanced
immunomodulatory activity that resulted in inductionlofl0 producing lymphocytes in the
cultured system.
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Evaluation of clinical signs after PRRSV challenge (type I) in
vaccinated and nonvaccinated pigs.

A. Ladinig™, Gy. Balk&, A. Saalmiillet, W. Gernet, T. Késet, M. Rusvai,
H. WeiRenbdck andM. Ritzmani.
'Clinic for Swine, Department for Farm Animals and Veterinary Public Health,
University of Veterinary Medicine, Vienna, Austrfepartment of Pathology and
Forensic Veterinary Medicinel-aculty of Veterinary Science Szent Istvan
University, Budapest, Hungarylnstitute of Immunology, Department of
Pathobiology, University of Veterinary Medicine Vienna, Austfiastitute of
Pathology and Forensic Veterinary Medicine, University of Veterinary Medicine
Vienna, Austria.

The aim of the studwas to investigate the pathogenicity of a recently isolated virulent PRRSV
Type |, subtype 1 field strain in vaccinated and-maocinated growing pigs. Methods: Thirty

six 3weekold PRRSV negative pigs were randomly assigned to three treatment gitup w

pigs each. Group 3 was vaccinated with a commercial live PRRSV Type 1 vaccine (DV strain).
Five weeks after vaccination pigs of groups 2 and 3 were challenged with 2.2 x 105 TCID50 of a
virulent type | PRRSV field isolate. The challenge isolatethedsaccine strain shared 89 %
nucleotide and 91 % amino acid identity on ORF5 (GP5) and 95 % nucleotide and 96 % amino
acid identity on ORF7 (N). Group 1 served as negative control. The study was terminated 21
days after challenge. During the course efstudy, viraemia, serology, clinical signs, rectal
temperature and average daily weight gain were monitored. Results: All group 3 animals became
viraemic following vaccination and all group 2 animals became viraemic following challenge.
Seroconversion washserved within one week after onset of PRRSV viraemia. Following
challenge, fever (>40.5°C) was observed on average on 1, 5 and 6 days in group 1, 2 and 3,
respectively. Coughing was observed in more than 60% of animals in group 2 and 3 but in less
than10% of group 1 animals. Within the first 10 days following challenge, group 1 animals
showed a significant higher body weight gain (6.8 kg) than group 2 (3.9 kg, p<0.001) and group
3 (5.0 kg, p=0.0020) animals. Conclusion: The data demonstrate that aRBEEH Type | field

strain is able to induce fever, coughing and reduced weight gain in growing pigs. No clinical
relevant differences with regard to these clinical signs were observed between vaccinated and
nontvaccinated challenged pigs indicating incdetg efficacy of the vaccine against the chosen
challenge isolate. These data suggest that PRRSV vaccine mediated protection is highly variable
and cannot be predicted.
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