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Adopted Agenda:

Opening Comments and Introductions

10:00 am 
Call meeting to order and introduce guests

10:15
Comments by Administrative Advisor David Benfield 

Open Session: Progress Reports and Principal Accomplishments

10:30 
Define the molecular and cellular mechanisms of pathogenesis of respiratory and reproductive syndromes caused by PRRSV; moderator Steve Kleibocker.

11:30
Determine the mechanism and consequences of viral persistence; moderator Dr. Jeff Zimmerman

12:30 pm
Registration and lunch provided courtesy of Pfizer and Boehringer Ingelheim Vetmedica

1:00 
To characterize the different components of the immune response during acute and persistent infection: its implications in diagnostics and pathogenesis; moderator Federico Zuckermann

2:00
Develop improved methods for the diagnosis of PRRSV clinical disease and detection of virus and/or antibodies in PRRSV; Moderator Eric Nelson

3:00
Break and end of Open Session

Executive Session: Future cooperative activities

3:30 
Report of Dr. Bill Wagner, CSREES


Discussion of future cooperative activities – Future Ideas (possibility of group literature review for Animal Health Reviews), annual workshop, international training program

5:30 
Adjourn; convene meeting of technical committee members for about 30 minutes

Brief Summary of Minutes of Annual Meeting

The meeting was called to order by Chairman Dr. Michael Murtaugh at 10:06 am.  He gave an overview of the purpose of the committee and a brief review of its history.  He presented the agenda for the meeting.  Following Dr. Murtaugh’s comments, the participants introduced themselves.

Administrative Advisor Dr. David Benfield provided an overview of the administration of the NC-229 Committee.  Dr. Benfield advised the members that the committee had passed its mid-term review.  He also said that committee renewal forms need to be presented to the NCA-2 Committee by December 2003 for submission by February, 2004.  He also advised that reporting for the committee is now carried out on-line and is due in 60 days.

Dr. Steve Kleibocker and Dr. Jeff Zimmerman moderated the discussion of station reports pertaining to the Project objectives designated in the agenda.

The participants broke for lunch at 12:35 pm and resumed discussions at 1:10 pm.

Dr. Federico Zuckermann and Dr. Eric Nelson moderated the discussion of station reports pertaining to the Project objectives designated in the agenda

Station Reports concluded at 4:10 pm.

Key Discussions

USDA Representative Dr. William Wagner provided a Washington perspective and update on several issues.

Dr. Dave Benfield reminded the members to submit their station reports electronically to Dr. Murtaugh.  He initiated a discussion of the future of the National Pork Board.  It was suggested that it would be appropriate to send a letter of thanks and support for current and past research to the National Pork Board.  He also suggested that the committee should begin the renewal process.  Dr. Wagner pointed out that one consideration is if there is evidence of fostering and involving outreach programs.  This led to a discussion of examples of past accomplishment that need to be tabulated and highlighted.  These included:

· Inviting industry to the NC-229 Committee Meeting

· The development of a blocking ELISA for PRRSV

· Number of presentations given to producer groups by members of NC-229

· Number of cases submitted to diagnostic laboratories

Dr. Murtaugh initiated a discussion of future directions for the committee.  These included:

· Workshop associated with the NC-229 Committee Meeting in which speakers and participants, including international researchers, would be invited.  

· Develop a website for the NC-229 Committee.  Dr. Benfield volunteered to oversee this.

· Make presentations for lay audiences from station reports and presentations.

· Publish a literature review of PRRS.

· Provide copies of the station reports to the guests of the committee.  There were no objections to this proposal although it was decided only a summary should be put on the web.

· A virtual video workshop could be held.

· Annual review of literature made up of four sections based on the objectives of the Project.  It was further suggested that one section per year would be developed.

· Develop an international training program to bring postdocs and graduate students to research labs.  For example, one to three students per year from China or other foreign country, international exchange with other countries (the State Department was identified as a potential source of funds)

The meeting was adjourned by Dr. Murtaugh at 5:55 pm.

Assigned Responsibilities/Deadlines/Target Dates

Committee renewal forms need to be presented to the NCA-2 Committee by December 2003.

Respectfully submitted,

Robert W. Wills, DVM, PhD

Secretary

NC229 Accomplishments

Objective 1. Define the molecular and cellular mechanisms of pathogenesis of respiratory and reproductive syndromes caused by PRRSV. Projects at MN, MO, and SD on construction of an infectious clone, an essential tool for defining molecular determinants of viral pathogenesis by reverse genetics, have provided new insights into viral growth and gene expression. MN, in collaboration with the Danish Veterinary Institute, produced an infectious clone of strain VR-2332 that differed from the published sequence at 11 positions. Cytopathic effect (CPE) was seen only after several passages in MARC145 cells. Infectious virus were reported from other full-length and partial clones, although no CPE was observed. MO, focusing on different potential pitfalls as compared to MN, cloned a completely sequenced virulent isolate, NADC8. Putative T7 termination signals were eliminated and the genome was assembled in a series of four cloning steps. The full-length plasmid constructs were resequenced and transcribed in vitro to generate full-length RNA. Transfections of the resulting RNA into both MARC-145 cells and BHK21 cells gave RT-PCR positive evidence of viral growth after 2-3 blind passages. Transfection supernatants injected into naïve pigs yielded weakly positive RT-PCR from serum 21 days later, but none of the pigs seroconverted by ELISA. ND and SD, in collaboration with Guelph University (Canada), generated a full-length clone of the virulent SD23983 strain that included a T7 promoter, followed by the entire PRRSV genomic sequence and a poly A tail. At present, the clone is not infectious.  Clones have been exchanged and are currently being used to generate chimeras in an effort to create an infectious clone. Nonstructural protein-specific sera were generated in house, and obtained from Leiden Univ (the Netherlands) for detection of early viral nonstructural proteins even if infectious particles are not formed, to aid in troubleshooting.  An equine arteritis virus (EAV) infectious clone was provided by Leiden Univ as a positive control.

SD and ND showed that field strains adapted to grow to high titers in MARC-145 cells were markedly reduced in the ability to grow in macrophages, even more so than RespPRRS, the already attenuated vaccine strain. Sequencing of MARC-145-adapted and nonadapted strains is underway to identify attenuation-related mutations. ND is using EAV as a surrogate virus to develop assays to compare replicative properties of more- and less-virulent PRRSV strains. Advancements were made to quantify transcript accumulation, transcript stability, replicase subunit accumulation, and replicase subunit stability. 

KA, with Guelph University, showed that nucleocapsid (N)-eGFP fusion protein localizes to the nucleolus. Individual functional domains were also identified for a cryptic nuclear localization signal (NLS), called NLS-1, at amino acid 10, a legitimate NLS, NLS-2, at amino acid 41, a cytoplasmic localization domain immediately adjacent to NLS-2, and a potential nuclear export signal (NES) at amino acid 106. Cytoplasmic localization was not blocked by leptomycin B (LMB), suggesting the involvement of a CRM1-independent nuclear export pathway. The results suggest that intracellular trafficking of N involves nuclear import, export and cytoplasmic retention signal sequences. 

KA reported that amino acids 34-53 of N bind the 5’-leader of PRRSV. The RNA-binding sequence is conserved among American and European isolates of PRRSV, is unique to PRRSV, and confers a specific alpha-helix for binding to PRRSV RNAs. KA also reported interactions of cellular proteins with the positive strand of the 3’-untranslated region (UTR) and nucleoprotein RNA of PRRSV. BHK-21 cells, nonpermissive for PRRSV infection, have cytoplasmic proteins similar to those in the PRRSV-permissive MARC 145 cells. Virus titer was reduced by 98% by culture with monoclonal antibody against the PRRSV binding proteins of 210, 80, 55, and 30 kDa. Purified 210 kDa protein bound to purified virus in a virus-overlay protein blot assay, indicating that it may serve as a receptor for PRRSV. CD151, a transmembrane protein belonging to the tetraspan family, was identified by KA as binding PRRSV 3’-RNA, and made BHK-21 cells permissive to PRRSV following transfection, suggesting that the CD151 molecule is a susceptibility factor for PRRSV infection.

IA and VA collaborated on molecular and biological comparison of recent PRRSV field isolates to Ingelvac PRRS MLV vaccine, and its parent strain, VR2332. Field isolates induced more severe lesions than vaccine. The molecular analyses and biological characterizations suggested that the vaccine-like isolate 98-38803 induces microscopic pneumonia lesions similar in type but different in severity and time of onset than observed with virulent strains, suggesting that isolate 98-38803 is a derivative of Ingelvac PRRS MLV and that the isolate is pneumovirulent.

Low virulent isolates of PRRSV and porcine respiratory coronavirus together enhance respiratory disease and lesions in specific pathogen-free pigs (IA). IA and VA also showed that circovirus-2 infection increases the severity of PRRSV-induced interstitial pneumonia and that  circovirus-2, but not PRRSV, induces the lymphoid depletion, granulomatous inflammation, and necrotizing hepatitis characteristic of postweaning multisystemic wasting syndrome (PMWS). IA also showed that severity of dual infection with PRRSV and Streptococcus suis was reduced by antibiotic treatment or reduced S. suis exposure. A retrospective study at IA revealed PRRSV in 52% of PMWS cases, Mycoplasma hyopneumoniae in 36%, bacterial septicemia in 14%, bacterial pneumonia in 8%, swine influenza virus in 5% and porcine circovirus type 2 in 2%.

To explore the possible mechanism of the emergence of acute PRRS in 1996-97, the ORF5 gene of eight PRRSV isolates from herds experiencing acute PRRS outbreaks in Iowa and North Carolina was sequenced (VA). The acute PRRSV isolates shared 88-95% nucleotide and 88-96% amino acid sequence identities to each other, 87-97% nucleotide and 84-96% amino acid sequence identities with other North American PRRSV isolates and vaccines. Most of the amino acid substitutions locate in the putative signal sequence and two short hypervariable regions at the amino terminus. The sequence of isolate 98-37120-2 from a non-vaccinated swine herd in Iowa was very close to RespPRRS MLV, with 97% nucleotide and 96% amino acid sequence identities. The other seven isolates were more related to earlier PRRSV isolates and PrimePac vaccine than to Ingelvac PRRS MLV. The data from this study do not fully support the hypothesis that the emergence of acute PRRS is due to reversion of vaccines to a pathogenic phenotype, as only one of the eight acute isolates was found to be very closely related to the Ingelvac PRRS MLV.

Objective 2.  Determine the mechanism(s) and consequences of viral persistence. Transmission mechanisms that facilitate PRRSV area spread and persistence in the environment were clarified by MN under conditions that replicated commercial swine management practices and building design. 120 gilts were infected with PRRSV strain MN30100. Airborne transmission occurred within across an airspace of 2 meters, but did not occur from within the facility to swine housed 1 meter outside and directly in line with an exhaust fan. Routing exhaust air directly into a housing unit containing naive pigs also failed to produce infection or seroconversion. Mallard ducks housed inside the facility also did not seroconvert or become viremic (MN). An inependent experimental infection of Rouen and Mallard ducks by intramuscular and oral administration also produced no evidence of infection by virus isolation, PCR, or seroconversion using a sensitive blocking ELISA (SD, IA, NE).

Mechanical transmission of PRRSV by mosquitoes and houseflies was demonstrated. Aedes vexans, a mosquito, and house flies fed on infected pigs acquired PRRSV in the meal and retained virus in the midgut for 6-12 hr. Interruption of feeding, followed by exposure to naive pigs, resulted in transmission of virus and infection in the recipient pig. Fomites, including packed snow, also were demonstrated to facilitate transmission of PRRSV strain MN30100 in biosecure facilities, under conditions commonly experienced by veterinary vehicles involved in swine medicine, including several hours driving, and power washing. These findings demonstrate that PRRSV can be disseminated across considerable distances in a disconnected fashion in nonfreezing weather.

Substantial contributions to elucidation of mechanisms and consequences of viral persistence in pigs were made by IA, NE, SD, MS, and IL. Groups of animals on commercial farms were persistently infected and re-infected with PRRSV and multiple viral types coexisted on farms (IL). The role of viral evolution in persistence in animals was studied by inoculating animals with a plaque-cloned VR-2332, and growth for 367 days by pig-to-pig passage of virus at 60 day intervals. 315 plaque-cloned viruses were recovered from 21 pigs over the 367 day observation period and compared to the original plaque-cloned virus by virus neutralization assay, monoclonal antibody analysis, and sequencing of open reading frames (ORFs) 1b (replicase), 5 (major envelope protein), and 7 (nucleocapsid) of the genome.  Variants in ORF 5, but not ORFs 1b and 7, were detected by day 7 post inoculation and multiple variants were present concurrently in every pig sampled over the observation period. Sequencing of ORF 5 disclosed 48 nucleotide variants which corresponded to 22 amino acid variants. While no antigenic changes were detected, PRRSV was shown to evolve continuously in infected pigs, with different genes of the viral genome undergoing varying degrees of change. In vivo replication of the virus was continued from 367 days to 727 days to further assess genetic and antigenic changes. PRRSV continued to replicate in two of the three independent lines.  Virus passage in one failed at passage 7 (P7, day 367). Most nucleotide changes in ORF5 were non-synonymous mutations, resulting in substitution of amino acid residues.  At the amino acid level, rates of change in ORF5 were 0.24%, 1.24%, 1.76%, and 2.03% at P1, P7, P10, and P13, respectively. In contrast to ORF5, ORF7 (372 bases) was conserved with nucleotide/amino acid mutation rates of 0.01/0.02 (P1), 0.13/0.11 (P7), 0.27/0.00 (P10), and 0.58/0.95 (P13).  Thus, PRRSV continued to evolve during in vivo replication. However, virus mutation may not play a role in persistence, since overall genetic change is low in the same pig and there is no evidence of antigenic change (IA). In boars experimentally inoculated with PRRSV, after a minimum of 2-3 weeks of PRRSV negative serum, semen and PBMC (40 and 47 days post inoculation), the virus could still be detected in the tonsil of 3 of 8 boars by virus isolation and an additional 2 of 8 boars by PCR (SD). In 1 boar at 88 days post-inoculation, PRRSV could not be found by VI or PCR in any of 22 tissues, serum or semen.

Objective 3.  To characterize the different components of the immune response during acute and persistent infection and its implications in diagnostics and pathogenesis. The immune response in breeding age pigs was determined following repeated infection with wild-type virus using a 6/60 protocol commonly used for sow vaccination (NC). PRRS-negative 6 month old pigs were injected 6 times over 6 months with virulent SD 23983 PRRSV. 20% of 55 pigs returned to IDEXX ELISA seronegative status status following repeated homologous wild-type virus infection of PRRSV-free breeding-age pigs after all pigs had initially seroconverted. Serum neutralizing antibody was detected later than IDDEX ELISA following initial infection, but neutralizing antibody was detected in all animals throughout the study, with the average antibody response rising steadily after each injection. Four months after the last immunization, 12 months after initial exposure, the animals pigs were infected with homolous (SD 23983) or heterologous (Powell) PRRSV.  Following challenge, PRRSV was detected in some of animals by PCR, suggesting that they did not have fully protective immunity. Only modest anamnestic ELISA and SN antibody responses were observed after homologous virus challenge. Animals challenged with a heterologous strain showed marked increases in ELISA and SN antibody responses.

Several lines of evidence suggest that the immune response to PRRSV is weak. MN and IL showed that immunostimulation with the cytokine IL-12 enhanced the interferon (IFN) gamma response of lymphocytes to PRRSV, and the bacterial toxin, cholera toxin, induced a more robust antibody response to GP5, the major envelope glycoprotein. There was no evidence of PRRSV-mediated immunosuppression of immunity to unrelated antigens, including circovirus. Further studies by IL and NE showed that the interferon gamma response cannot be enhanced by the inclusion of a conventional oil-in-water adjuvant which significantly increases the IFN gamma response to a live, attenuated pseudorabies virus (PRV) vaccine, whereas the co-delivery of plasmid encoding porcine IL-12 or porcine IFN alpha along with the PRRS MLV vaccine increased the intensity of the primary PRRS-virus specific IFN gamma T cell response to PRRSV at least three-fold. Addition of IL-12 to a killed vaccine (PRRomise, Intervet) modestly increased IFN gamma secreting cell numbers and increased ELISA titers in a dose-independent fashion (IA) The enhanced IFN gamma response was also evident during the booster phase of the response upon challenge with virulent PRRSV at 9 weeks after vaccination. IL also showed that the production of neutralizing antibodies is not a consistent event and most pigs either only develop low titers of virus-neutralizing antibodies or none at all. But a positive correlation of 0.61 (P=0.0013) was observed between the frequency of PRRS virus-specific IFN gamma secreting lymphocytes and the number of live-born piglets in vaccinated animals that were challenged with virulent virus at 90 d of gestation. In vaccinated sows at a commercial facility, only animals with a frequency of >150 PRRS virus-specific IFN gamma secreting cells per million PBMC did not abort following a natural outbreak of PRRS during their pregnancies. The significance of the IFN gamma response is not fully understood, since there is a large variation in the response of individual pigs, perhaps due to genetic variation in the pigs, and the effect on anti-PRRSV immunity is not yet known (IL and MN).

NE, with IA, identified an epitope in GP5 that is sequential, conserved among isolates, not immunodominant, and neutralizing; and a different epitope that is nonneutralizing, hypervariable, and immunodominant. Antibodies to the nonneutralizing epitope appear earlier than to the neutralizing epitope, indicating that it may act as a decoy, eliciting most of the antibodies directed to GP5 and delaying the induction of neutralizing antibody.

To evaluate the protective immune effect of structural proteins, pigs were immunized with recombinant ORFs 2-5 (outer membrane proteins) and matrix protein (M) from the highly virulent Powell strain expressed in insect cells (NC). Vaccination with any of the recombinant proteins reduced levels of infectious virus, prevented fever, and prevented behavioral depression. In several animals PRRSV RNA was completely undetectable 14 days after challenge. All animals produced indirect ELISA antibodies against the recombinant proteins they had been immunized with. Also, DTH testing revealed strong reactions against ORFs 4 and 5, the immunogens that reduced viral load most substantially. Interestingly, levels of antibodies against the recombinant proteins dropped precipitously after challenge with the infectious virus.

NE, IL, and SD collaborated on the construction and immunogenicity evaluation of recombinant Mycobacterium bovis BCG expressing GP5 and M (ORF 6) protein. At 30 days post-immunization (dpi), pigs developed specific immune response against the viral proteins, and at 60 dpi, 3 out of 5 animals developed titers of neutralizing antibodies of 1:4 and 1:8. At 67 dpi, an IFN-g response against BCG antigens, but not against the viral proteins, was detected by ELISPOT. Following challenge with a pathogenic strain of PRRSV, immunized pigs showed shortened fever (P<0.05), lower viremia (P<0.05), and also lower (P<0.05) content of virus in bronchial lymph nodes than control animals, consistent with protection.

KA, with Thomas Jefferson University, has identified putative genetic suppressor elements (GSEs), in the PRRSV genome that may render cells permanently resistant to virus infection. Four sequences have been identified; one encodes an antisense RNA matching the 5’ end of ORF1b, and the others encode sense RNA matching sequences in nsp11, ORF 2 and ORF 6.

Objective 4. Develop improved methods for the diagnosis of PRRSV clinical disease and detection of virus and/or antibodies in PRRSV. SD and MN collaborated on the evaluation of a blocking ELISA to verify suspect false positive PRRSV serology. A highly specific and repeatable blocking ELISA was developed using a recombinant N protein as the capture antigen and a biotinylated monoclonal antibody against the N protein to quantitate PRRSV-specific antibody in serum samples. Receiver-operator characteristic (ROC) analysis of sera from 335 known positive and 413 negative animals determined a sensitivity of 97.3% and a specificity of 100%. The between-run coefficient of variation of an internal quality control serum for 71 runs was 4.12%, indicating a highly repeatable assay. The blocking ELISA may resolve unexpected positive IDEXX HerdChek PRRS ELISA results (SD, MN, IA).  In a survey of 4142 serum samples from historically PRRSV negative farms that were not exhibiting clinical signs, 147 samples resulted in unexpected positive results by the IDEXX ELISA.  In follow-up testing, 100% of the IFA results were negative while 97% of the blocking ELISA results were negative.  These data suggest the blocking ELISA is a highly specific and repeatable assay that could be used as an alternative method of determining the PRRSV serostatus of individual animals. The assay does not currently have adequate sensitivity for antibodies against European-like PRRSV and needs to be modified to ensure consistent detection of these animals. A multi-institutional project (IA, SD, MN, KA, NE) was initiated to investigate IDEXX PRRS ELISA suspected false positive (SFP) reactors to estimate the frequency of false positives, evaluate the use of alternate serologic assays in establishing the PRRSV infection status of SFP reactors, and determine the cause of non-specific false positive reactions in the commercial ELISA.  IDEXX ELISA resulted in SFP reactors ranging from 0.5 up to 2%.  Samples collected from SFP reactors and known negatives will be used to evaluate the use of alternative serologic assays. As IDEXX recently introduced a new version of PRRS ELISA, its diagnostic performance needs to be evaluated.

Serodiagnosis of European-genotype PRRSV in the US was improved by SD. Two isolates were grown to high titer in MARC-145 cells so that antigenically appropriate European-like PRRSV isolates can be used in IFA and virus neutralization assays. Analysis of two of these isolates using a panel of 60 monoclonal antibodies directed against the structural proteins of the virus revealed a recognition pattern more consistent with the prototype European strain, Lelystad, than with North American isolates.  One notable exception was a monoclonal antibody directed against N protein that recognized the US European-genotype PRRSV isolates but did not recognize the Lelystad virus or other European isolates.  Sequence analysis of the structural open reading frames (ORFs 2-7) indicated that these isolates share 93% nucleotide identity with one another and 95–96% identity with the Lelystad strain, but only 70% identity with the North American reference strain VR-2332.  Phylogenetic analysis using published PRRSV ORF3 amino acid sequences indicated that these newly emerging isolates form a clade with the Lelystad and United Kingdom PRRSV isolates.  Some of the unique characteristics of these European-like isolates can have a significant impact on diagnostic approaches to detecting PRRSV in US herds.

Current PRRS diagnostic tests (virus isolation, immunohistochemistry, PCR and serology) were evaluated for detecting PRRSV infection of the fetus in pregnant sows experimentally exposed to PRRSV. PCR showed the best performance in detecting PRRSV-positive fetuses. Submission of whole litter and more than one litter is critical for accurate diagnosis as distribution of the virus among fetuses is not uniform. Also, fetal serology can be used to detect infected litters but not individual fetus (SD).

Quantitative, real-time PCR assays are being developed for the detection of PRRSV by SD and MN.  These assays use fluorescently labeled molecular probes to measure the accumulation of PCR product and permit quantitation of template in the sample.  A set of probes that differentiate North American and European PRRSV strains, and two vaccine strains (Ingelvac® PRRS MLV and ATP) has been designed (SD). Real-time PCR results are being compared with those obtained by a well-validated, nested PCR assay, which is currently used in the diagnostic laboratory. Real-time PCR provides a single tube, high throughput, quantitative PCR system with broad potential for commercial use in boar studs, diagnostic laboratories, companies and other facilities. A heteroduplex mobility assay for rapid differentiation of vaccine-like viruses from field (wild type) viruses was developed and compared to sequencing (VA, IA).  The assay was shown to effectively detect and differentiate field isolates from vaccine strains.  Isolates with 2% sequence divergence from the vaccine were all determined to be wild-type.

A porcine respiratory disease complex (PRDC) microarray is being developed to simultaneously diagnose PRRSV,  influenza A, circovirus 2, Pasteurella multocida, Mycoplasma hyopneumoniae, Streptococcus suis, Actinobacillus pleuropneumoniae, Bordetella bronchiseptica, Haemophilus parasuis, Leptospira species, and porcine parvovirus (MN).
