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USE OF NEUTRALIZING SPECIFIC AVIAN 

ANTIBODIES AGAINST PRRSV TO ACHIEVE 
STABILITY IN A COMMERCIAL FARM  

DURING 2005 – 2007
Herrera J.D., Francos T. A, Lucio E, Chong C., Morales A.

Investigación Aplicada S.A. de C.V • 7 Norte 416. Tehuacán, Pue. 75700 México.
Introduction: One of the main problems of PRRSV infection in swine is the periodical 
presence of disease outbreaks due to virus persistence in some animals, the short immunity 
of recovered animals and repopulation gilts introduction to site one. All of the afore 
mentioned may or may not cause an economic problem in the reproductive area, but it does 
generate economical losses in nursing, weaning and growth in swine born post site one 
infection. Economical losses of this type are produced by infected animals subpopulations 
generation (infected, negative or persistent) moved from one site to another. 
Materials and methods: The farm is located in Central Mexico; it is a multisite farm with an 
installed production capacity of 1,100 sows, the facilities are serologically positive to PRRSV, 
Salmonella, Mycoplasma, Porcine Influenza, H. parasuis, S. suis and Swine Circovirus.
The farm started operations in January 2004, on April of the same year swine were infected with 
PRRSV from May 2004 to March 2005 using a commercial PRRSV vaccine which was discarded 
when a stronger outbreak occurred. The use of an immunoglobulins program began on June 2005 
and is still in use in the farm, serological follow ups have been performed every 4 months and 
by means of ELISA tests the S/P movement in sows has been determined; the immunoglobulins 
program consists of a general application to all swine in the farm of 5mL deep im of the product. 
The application is repeated 15 days after the first; After these two applications, the program for 
control consisted in giving sows in reproduction 5mL at the 11th and 13th week of gestation. 
Newborn piglets are given oral immunoglobulins during the first 12 hours after birth.
Results: Results obtained in site one sows samples during 2005, 2006, 2007 and early 2008 show 
how the farm was, and how swine stability was achieved (as observed in low S/P’s) during the 
program. This is not only seen in site one; decreased mortalities in sites 1, 2 and 3 as well as a 
decrease in medication expenses due to PRRSV shedding were also observed in the production 
line; it is noteworthy to say that during 2006 and 2007, 700 replacement sows negative to PRRSV 
were introduced to the farm. 
Discussion: The results shown do not have 
references since we are the only company 
working on avian neutralizing antibodies 
against PRRSV, nevertheless they are 
immunologically speaking similar to those 
in passive immunity by Dr. Osorio et al in 
the University of Nebraska, in which he 
used swine antibodies to alleviate others 
from PRRSV infection. 
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PRRSV surveillance – stability  

of diagnostic targets in oral fluid: 
sample storage and critical techniques 

for testing

JR Prickett*, S Cutler, J Kinyon, N Naberhaus, WR Stensland, K-J Yoon, JJ Zimmerman  
Veterinary Diagnostic Laboratory, College of Veterinary Medicine, Iowa State University, 

Ames, Iowa

Objectives: The objective of this research was to evaluate the effect of time and temperature 
on the stability of PRRSV and anti-PRRSV antibodies in oral fluid.  

Methods:  A 4-liter pool of swine oral fluid was collected from 12-week old commercial 
finisher pigs.  The pool was “spiked” with 4 ml of PRRSV isolate ISU-P containing 1 x 
1011.7  RNA copies/ml and 10 ml of concentrated hyper-immune anti-PRRSV antibodies to 
ensure a high and uniform level of target.  The pool was divided into 3 equal portions:  One 
portion received no treatment, one portion received chlorhexidine digluconate at 0.01% 
by volume, and one received Kathon CG at 3 parts per million.  Each treatment was run in 
triplicate at each of five temperatures (-20°, 4°, 10°, 20°, 30°C).  Samples were removed over 
time (0h, 12h, 24h, 48h, 72h, 144h, 216h, and 288h), stored at -80º C, and then assayed for:  
(1) total detectable PRRSV RNA;  (2) total IgM, IgA, and IgG;  (3) PRRS ELISA-detectable 
antibody;  (4) and total bacteria per ml.  The loss of diagnostic targets and the proliferation 
of bacteria was evaluated in the context of diagnostic stability.  

Results: Initial PCR results produced a high rate of PCR negative results distributed in 
random order.  To investigate the cause of the false negative results, 20 samples were 
processed using 5 different nucleic acid extraction procedures.  The entire sample set 
was then re-assayed with the appropriate extraction.  These data showed a temperature-
dependent degradation of PRRSV RNA. Likewise, antibody was remarkably stable at ≤ 
10°C, i.e., no change in antibody level was seen over 12 days of storage.  Antibody declined 
slowly over time at 20°C.  At 30°C, the effects of temperature, time, and treatment were 
more marked, i.e., by 72 hours, ELISA-detectable antibody had disappeared from untreated 
and Kathon treated samples.  

Conclusions:  This research has provided core information regarding the stability of 
antibody or pathogen targets in oral fluid surveillance samples.  The data suggest that 
typical serum storage protocols (freezing or refrigeration at 4°C) are adequate for protecting 
the integrity of the oral fluid sample.    
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PRACTICAL DISEASE SURVEILLANCE IN 

GROWING PIG POPULATIONS

JR Prickett1*, P Hoffmann1,2, R Main2, W Stensland1, K-J Yoon1, J Zimmerman1

1Department of Veterinary Diagnostic and Production Animal Medicine, Iowa State 
University, Ames, Iowa. 2Murphy-Brown LLC, Western Operations, Algona ,Iowa

Objectives: In the current economic climate, rising feed costs and declining pork prices 
have threatened the economic viability of the industry.   The objective of this research was 
to transition oral fluid surveillance to a field setting and specifically, validate oral fluid 
surveillance in a commercial swine production setting.  

Methods:  Oral fluid samples were collected from one wean-to-finish barn on each of 10 
sites across the Midwest.  At each site (i.e., barn), oral fluid samples were collected from 
6 pens at 2-week intervals from placement to slaughter.  In addition, serum samples were 
collected from 5 pigs in each of the 6 pens on the first and last oral fluid sampling days.  
Oral fluids samples were collected by farm personnel after a brief training session with the 
investigators.  The oral fluid samples were randomized and tested using PCR-based assays 
for the presence of PRRSV, PCV2, SIV, and M. hyopnemoniae.  Control samples, i.e., 20 
samples positive for all 4 pathogens and 4 negative samples, were randomly distributed 
throughout the sample set.  The oral fluid samples were also tested for PRRSV- and PCV2-
specific antibody by ELISA.  The reference serum samples (1st and last sampling points) 
were tested for antibodies to the same panel of pathogens by ELISA.  

Results: Samples of adequate volume and quality were successfully collected by farm personal 
and shipped to the VDL according to protocol.  Preliminary laboratory analyses showed 
detectable levels of PRRSV, PCV2, and SIV in oral fluids (M. hyopneumoniae PCR is in 
progress). Also, PRRSV and PCV2 antibody levels were detectable in these oral fluid samples. 

Conclusions:  The pathogens targeted in this study were successfully detected using an oral 
fluid surveillance system in combination with PCR- and antibody-based assays.  Although 
these data must be considered preliminary, oral fluid sampling appears to hold promise for 
cost-effective disease surveillance in populations of swine.       
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MOLECULAR CLONING OF PORCINE  

DC-SIGN AND DETECTION OF ITS POTENTIAL 
INTERACTION WITH PORCINE REPRODUCTIVE 

AND RESPIRATORY SYNDROME VIRUS

Y. W. Huang*, B. A. Dryman, X. J. Meng
Center for Molecular Medicine and Infectious Diseases, College of Veterinary Medicine, 

Virginia Polytechnic Institute and State University, Blacksburg, VA.

Dendritic cells-specific intercellular-adhesion-molecule-3 (ICAM-3) -grabbing nonintegrin 
(DC-SIGN), a human C-type lectin serving as an adhesion receptor for ICAM-3 and 
ICAM-2, is involved in the transmission of many enveloped viruses. Here we report the 
cloning and characterization of porcine DC-SIGN (pDC-SIGN). The full-length pDC-
SIGN cDNA encodes a type II transmembrane protein of 240 amino acids. Phylogenetic 
analysis revealed that pDC-SIGN, together with bovine, canis and equine DC-SIGN, are 
more closely related to mouse SIGNR7 and SIGNR8 than to human DC-SIGN. pDC-
SIGN protein was found to express on the surface of monocyte-derived macrophages 
and dendritic cells, and alveolar macrophages but not monocytes or peripheral blood 
lymphocytes. A BHK cell line stably expressing pDC-SIGN binds to human ICAM-3 and 
ICAM-2 immunoadhesins in a calcium-dependent manner, although there was no apparent 
augmentation of endocytosis ability. Furthermore, we attempted to detect the potential 
interaction between pDC-SIGN and porcine reproductive and respiratory syndrome virus 
(PRRSV) using the virus binding assay and in trans transmission assay with the stable BHK 
cell line. 
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EXPRESSION OF PRRS VIRUS STRUCTURAL GP5 

AND M PROTEINS IN PLANTS

W. Saron1*, E. Roques1, Z. Agharbaoui1, M.-C. St-Louis1, M. A. Mateescu2,3,  
F. Sarhan1, D. Archambault1,3

 1Dept. of Biological Sciences and 2Dept. of Chemistry, University of Québec at Montréal, 
Qc, Canada. 3Centre de Recherche en Infectiologie Porcine (CRIP),  

St-Hyacinthe, Qc, Canada.

The porcine reproductive and respiratory syndrome virus (PRRS) is one of the most important 
diseases in the porcine industry. The aetiological agent of PRRS is the PRRS virus (PRRSV), 
an arterivirus of the Arteriviridae family. This virus is known to infect mucosal tissues. It also 
induces a weak immunological response and persists in a significant number of infected pigs. 
As part of a research project towards the development of novel immunization approaches, we 
expressed in plants the GP5 protein that is known to carry the major neutralization epitopes. 
The GP5 was expressed either alone or in fusion with the M protein (M::GP5) which has 
been demonstrated to enhance the neutralizing immunogenicity of GP5. To ensure optimal 
expression of the protein, the DNA encoding-sequences were optimized for codon usage in 
plants and cloned under the control of the strong double constitutive CaMV35S promoter. 
The plasmid was transformed into Agrobacterium tumefaciens and then used to infiltrate 
the intact leaves of Nicotiana benthamiana. Western blot analyses performed using specific 
anti-GP5 and/or anti-M antibodies confirmed that both GP5 and M::GP5 proteins were 
successfully expressed. In addition, no damage to the plant was visible, indicating that the 
expression of the transgenes is not toxic. To our knowledge, this is the first report that shows 
the expression of these specific proteins in plants. Experiments are underway to determine 
the immunogenicity of the proteins in animals and to develop stable-transformed plants.

This work was subsidized by NSERC, FPPQ, CDAQ.
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EXPRESSION OF PORCINE REPRODUCTIVE  
AND RESPIRATORY SYNDROME VIRUS GP5  

AND M STRUCTURAL PROTEINS FROM  
REPLICATING BUT NONDISSEMINATING  

ADENOVIRUS VECTORS

E. Roques1*, W. Saron1, M.-C. St-Louis1, B. Massie2,5, C. A. Gagnon3,5, M. Lessard4,5, D. 
Archambault1,5

1Dept. of Biological Sciences., University of Québec at Montréal, Qc, Canada; 
2Biotechnology Research Institute, Montréal, Qc, Canada; 3Dept. of Pathology and 

Microbiology, Faculty of Veterinary Medicine, St-Hyacinthe, Qc, Canada; 4Agriculture 
Agri-Food Canada, Dairy and Swine Research and Development Centre, Lennoxville, Qc, 
Canada; 5Centre de Recherche en Infectiologie Porcine (CRIP), St-Hyacinthe, Qc, Canada.

Porcine reproductive and respiratory syndrome virus (PRRSV) is responsible for severe 
economic losses in infected pig herds worldwide. PRRSV is a member of the genus 
Arterivirus, family Arteriviridae, order Nidovirales. The current commercial PRRSV vaccines 
are incompletely effective in protection against PRRSV. Therefore, novel immunization 
strategies are needed to adequately stimulate the host immune system to ensure protection 
against PRRSV. As a first step towards this goal, we selected to use novel Adenovirus vectors 
to express the envelope GP5 protein to which the major neutralizing activity is associated, 
either alone or in fusion with the matrix M protein (M-GP5), known to enhance the 
neutralization-inducing activity of GP5. The DNA synthetic encoding-sequences were 
codon usage-optimized to achieve optimal expression. They were then used to generate 
replicating but nondisseminating regulated human adenovirus type 5 recombinant vectors 
(AdVs) by using the cumate operator system capable of expressing the proteins of interest. 
Immunofluorescence and Western Blot analyses performed using specific anti-GP5 and/or 
anti-M antibodies confirmed that both GP5 and M-GP5 proteins were successfully expressed 
in cells infected with the AdVs. Experiments are underway to determine the capability of the 
AdVs to induce PRRSV-specific immune responses in animals. 

This work was subsidized by NSERC, FPPQ, CDAQ.
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REPLICATION OF PORCINE CIRCOVIRUS 

GENOTYPE 2B (PCV-2B) IS MORE EFFICIENT 
THAN GENOTYPE 2A (PCV-2A)  

IN TWO DIFFERENT PORCINE EPITHELIAL 
PERMISSIVE CELL LINES

N. Music1*, M. Jacques1, C. A. Gagnon1

 1Groupe de recherche sur les maladies infectieuses du porc (GREMIP) et Centre de 
recherche en infectiologie porcine (CRIP), Faculté de médecine vétérinaire, Université de 

Montréal, St-Hyacinthe, Québec, Canada

By the end of 2004, the Canadian swine population had experienced a severe increase in the 
incidence of Porcine circovirus-associated disease (PCVAD), a problem that was associated 
with the emergence of a new Porcine circovirus-2 genotype (PCV-2b) previously unknown 
in North America. Thus, it became important to demonstrate that PCV-2b strain circulating 
in Canadian swine herds is more virulent than older PCV-2a strain. Infectious DNA clones 
of PCV-2a and PCV-2b were constructed (pPCV-2a and pPCV-2b). The efficacy of pPCV-
2a and pPCV-2b transfected porcine kidney (PK-15) epithelial cell line to allow a complete 
virus replication cycle and production of PCV-2 infectious particles was evaluated during 
eight consecutive cell passages. Ten times more PCV-2b infectious viral particles were 
recovered at the 8th cell passage compared to PCV-2a. Later on, a new porcine cell line, the 
Newborn Piglet Tracheal (NPTr) epithelial cell line, was found to be permissive to PCV-2 
and consequently permit infectious viral particles production. This finding is interesting 
because until then, there was only one type of immortalized cell line (the porcine kidney 
epithelial cells) known to permit infectious viral particles production following virus 
infection. Thus, to corroborate early results, the PCV-2a and PCV-2b replication kinetics 
were evaluated in PK-15 and NPTr cells. PCV-2b virus replication kinetic was 6 times more 
efficient in both porcine cell lines compared to PCV-2a. No differences in virus replication 
efficiency could be found between both cell lines. In conclusion, PCV-2b is about 6 to 10 
times more efficient than the PCV-2a for the synthesis of infectious viral particles in two 
porcine epithelial cell lines. Consequently, the virus replication efficiency in vitro of PCV-
2b compared to PCV-2a could explain, at least in part, the increase in the occurrence of 
PCVAD in Canada during the recent years.
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IDENTIFICATION OF A NEW PORCINE LUNG 

EPITHELIAL CELL LINE PERMISSIVE TO 
PORCINE REPRODUCTIVE AND RESPIRATORY 

SYNDROME VIRUS (PRRSV) REPLICATION

J. J. Jia*, N. Music, M. Jacques, C. A Gagnon
 Groupe de recherche sur les maladies infectieuses du porc (GREMIP), Faculté de médecine 

vétérinaire, Université de Montréal, St-Hyacinthe, Québec, Canada

Viruses that are airborne transmitted, like PRRSV, need to interact with host cells of the 
respiratory tract such as epithelial cells and alveolar macrophages in order to be able to 
enter and disseminate in the host organism. Porcine alveolar macrophages such as primary 
PAM and immortalized ZMAC-1 cells, and immortalized MARC-145 are known to be 
permissive to PRRSV replication in vitro.  However, until now, no epithelial cell of the 
respiratory tract of swine had been reported to be permissive to PRRSV replication. The 
goal of this study was to determine if epithelial cells of the respiratory tract of swine could 
support PRRSV replication in vitro. Two new porcine epithelial cell lines of the respiratory 
tract (NPTr and SJPL) were evaluated for their PRRSV permissivity. Cells were infected 
with the IAF-Klop North American reference strain and expression of the N protein could 
be detected only in SJPL infected cells. Afterwards, infectious viral particles production was 
found in SJPL infected cells and in some occasions, the amount of infectious viral particles 
production was higher than in MARC-145 infected cells. The SJPL cell was also found to be 
permissive to European reference strain LV. PCV-2 and PRRSV co-infection experiments 
were conducted to establish if the presence of interferon found in the PCV-2 viral stock 
could inhibit the PRRSV replication in SJPL cells like it had been previously reported in 
MARC-145 cells. PRRSV replication in SJPL co-infected cells was not inhibited compared 
to MARC-145 co-infected cells where PRRSV replication was completely inhibited as 
previously reported. This latest result indicated that SJPL cells have distinct characteristics 
from MARC-145 cells. In conclusion, the SJPL cell could easily replace MARC-145 cells for 
vaccine virus production. In addition, the SJPL cells could be a more relevant in vitro model 
than MARC-145 cells to study the pathogenesis of PRRSV because of their origin (lung of 
the natural host).
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COINFECTION WITH STREPTOCOCCUS SUIS 

SEROTYPE 7 INCREASED THE PATHOGENICITY 
OF A MUTATED STRAIN OF PRRSV

M Xu*, S-J Wang*, Y-G Liu, X-H Cai.
Division of Swine Infectious Diseases, National Key Laboratory of Veterinary 

Biotechnology, Harbin Veterinary Research Institute, CAAS, Harbin 150001, China
Introduction In 2006, a highly pathogenic infectious disease appeared in pigs in the 
central region of China. This disease was characterized by prolonged high-fever (>41°C), 
anorexia, red discoloration of the ears and body, desiccant excrement in early days, and 
loose bowels in later periods. In the following months, the disease spread quickly to the 
neighboring regions - the most densely populated major pig-producing provinces in China. 
The morbidity was 50-100% and the mortality rate reached 20-100% in some outbreaks. An 
extensive survey determined that PRRSV is the dominant virus and the real reason of the 
disease is serious coinfection with other pathogens. In the present study, we demonstrated 
that coinfection with Streptococcus suis serotype 7(SS7) can obviously increase the 
pathogenicity of HuN4, a mutated and high-virulence strain of PRRSV. Experimental 
coinfection of pigs with HuN4 and WC0711(a strain of SS7 isolated from a pig of the 
disease) demonstrated that the disease could be reproduced with clinical signs virtually 
identical to what we saw in the field.
Experimental Design Forty-two 4-week-old crossbred piglets, seronegative for PRRSV 
and SS, were randomly assigned to four groups. Group 1(n=8) pigs served as uninoculated 
controls, group 2 (n=12) pigs were inoculated intranasally (IN) and intramuscularly (IM) 
with HuN4 on day 0, group 3 (n=10) pigs were inoculated IN and IM with WC0711 on day 
7, and group 4 (n=12) pigs inoculated IN and IM with HuN4 and WC0711 on day 0 and day 
7 respectively. Two randomly selected pigs from group 1, 2 and 4 would be necropsied on 
day 7 of the study. Five from group 2, 3 and 4 and two from group 1 would be necropsied on 
day 14. Three from group 2, 3 and 4 and two from group 1 would be necropsied on day 21. 
The remaining pigs would be all necropsied on day 28 of the study. If the pigs died or became 
moribund before the schedule, they would be necropsied immediately. Samples(blood, 
brain, tonsil, scrofula, heart, liver, spleen, lung, kidney, stomach) were selected and tested by 
PCR(for SS7), RT-PCR(for PRRSV) and IFA(for both).
Results and Discussion Respiratory disease diarrhoea and anorexia were observed in 
group 2, 3 and 4, and signs of central nervous system (CNS) disease were observed in group 
2(2/12) and 4(8/10). Symptoms in group 4 were obviously more severe than the others. The 
mortality rate in group 2 was 16.7%, group 3 was 0% and group 4 is 80.0%. Died pigs in 
group 4 showed typical symptoms such as high-fever, anorexia, red discoloration of the ears 
and body. It was very similar to the clinical signs in the field. PCR RT-PCR and IFA testing 
results showed that the distribution of SS7 in different viscera of group 4 was broader than 
that of group 3, and the distribution of PRRSV of group 4 is basically identical to that of 
group 2. According to the results, we considered that the PRRSV infection has induced the 
increase in susceptibility to Streptococcus suis serotype 7 infection, so the coinfection with 
SS7 can increase the pathogenicity of PRRSV. 
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ANTIMICROBIAL HOST DEFENSE PEPTIDES IN 
AN ARTERIVIRAL INFECTION: DIFFERENTIAL 
EXPRESSION AND INACTIVATION OF PRRSV

Y. Sang1*, P. Ruchala2, R.I. Lehrer2, C.R. Ross1, R.R.R. Rowland3, F. Blecha1

  Departments of 1Anatomy and Physiology, and 3Diagnostic Medicine and Pathobiology, 
College of Veterinary Medicine, Kansas State University, Manhattan, KS. 2David Geffen 

School of Medicine at UCLA, University of California, Los Angeles, CA.

Antimicrobial host defense peptides (AHDPs) are effective against a wide range of 
microbes, including viruses.  Our objectives were to determine (1) if the expression of 
AHDPs was influenced by infection with porcine reproductive and respiratory syndrome 
virus (PRRSV) and (2) if porcine AHDPs had antiviral activity against PRRSV.  Because 
porcine pulmonary alveolar macrophages (PAMs) are the primary cells of PRRSV infection, 
gene expression of porcine AHDPs was evaluated in lungs from fetal and 2-week-old 
congenitally infected pigs. In PRRSV-positive lungs, gene expression of most porcine 
HDPs showed no significant upregulation.  However, mRNA expression of porcine beta-
defensin-1 (pBD-1) and protegrin (PG) was down-regulated in PRRSV-infected fetal lungs.  
Incubation of PRRSV with pBD-3 or PG-4 in MARC-145 cells at >20 µg/ml significantly 
inhibited viral infectivity. Using nine protegrin-derived peptides, we determined that 
cyclization of PG-4 increased anti-PRRSV activity and that substitution of Phe14 with Val 
in PG-4 diminished most of the activity. Consistently, pBD-3 and PG-4 at 5-40 µg/ml 
suppressed PRRSV titers in porcine PAM cultures.  Collectively, these findings suggest a 
potential role for some porcine AHDPs as innate antiviral effectors in PRRSV infections.  
Moreover, modulation of porcine innate immune mechanisms with AHDPs may be one 
means of limiting the impact of this costly pandemic viral disease. 
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GENETIC CHANGES IN A EUROPEAN PRRS 
VIRUS AS A RESULT OF ADAPTATION TO 

GROWTH ON MARC-145 CELLS

J.P. Frossard*, D. Westcott, B. Naidu, T. Drew
 Veterinary Laboratories Agency (Weybridge), New Haw, Addlestone, Surrey KT15 3NB, 

U.K.

PRRS viruses of the European genotype are normally cultured on primary porcine 
alveolar macrophages (PAMs), as they are difficult to culture on established cell lines.  
This is in contrast to North American genotype viruses, which grow well on MARC-145 
cells.  As some procedures such as serum neutralisation tests can only be practically and 
reproducibly performed using cultured cell lines, it is common to adapt European PRRS 
viruses to growth on MARC-145 cells prior to performing such studies.  This is not entirely 
satisfactory, as a modified virus is then used for the analyses.

This study aimed to characterise the genetic changes arising from the adaptation of a 
British virus isolate (Humberside-2) from growth in PAMs to growth in MARC-145s.  
Filtered supernatant from a virus-infected PAM culture was used to inoculate a MARC-145 
culture, which was then passaged five times, at which time the virus was detectable in the 
MARC-145 culture supernatant.  The full genome of the virus was sequenced prior to the 
adaptation, and afterwards.  In total, twelve nucleic acid changes were observed, leading to 
eight amino acid changes.  One change was seen in nsp5, one in nsp7, one in the helicase 
(nsp10), three in the GP2 envelope protein, and two in the GP5 envelope protein.  The 
changes in GP5 were not thought to be significant, as the same substitutions are found in 
other British PRRS field viruses isolated at around the same time.  The asparagine to serine 
substitution at position 407 of the helicase caused the greatest predicted structural change.  
The impact of the changes in the other proteins remains to be determined.  It is interesting 
to note that the most significant changes occurred in non-structural proteins, suggesting 
that the differences between growth in the two cell types may be based on replicative 
mechanisms rather than cell surface binding or entry.

These findings demonstrate that adaptation of PRRS virus from growth on PAMs to growth 
on MARC-145s does result in genetic changes to the virus in several genes, with potential 
implications for analyses performed with the adapted virus.
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PATTERNS OF GENE EXPRESSION IN  
PORCINE ALVEOLAR MACROPHAGE 

CELLS UPON INFECTION WITH VIRULENT, 
ATTENUATTED, AND RECOMBINANT CHIMERIC 
PORCINE REPRODUCTIVE AND RESPIRATORY 

SYNDROME VIRUS

I. Gudmundsdottir1, E. Tulman1, D. L. Rock2 M. V. Borca3, G. R. Risatti1

1Dept. of Pathobiology and Veterinary Science, College of Agriculture and Natural 
Resources, University of Connecticut, Storrs, CT. 2Dept. Of Pathobiology, College of 
Veterinary Medicine, Urbana, IL. 3Plum Island Animal Disease Center, ARS, USDA, 

Greenport, NY.

Development of Porcine Reproductive and Respiratory Syndrome (PRRSV) vaccines 
requires mapping of viral genetic determinants affecting virus replication in the primary 
target cell, the macrophage, and viral interaction with the host immune system.  Here we 
used genetic approaches to identify PRRSV genes/genetic determinants associated with 1) 
growth in swine macrophages, and 2) modulation of pro- and anti-inflammatory cytokine 
expression in swine macrophages in vitro using primary pulmonary alveolar macrophage 
cultures (PAMs). Eight genomic chimeras, representing the entire genome of PRRSV live 
attenuated vaccine Prime Pac (LAV SP) in the genetic background of pathogenic strain 
NVSL 97-7895, were characterized relative to parental viruses for growth and modulation 
of 58 immunologically relevant host genes in vitro. Chimeric viruses Ch1v, Ch2v, Ch3v, 
Ch4v and Ch5v, harbor LAV SP genes encoding nonstructural proteins, showed limited 
growth in PAM cultures. Ch6v, encoding the LAV SP structural ORF 2, also showed limited 
growth in PAMs, whereas chimeras containing other LAV SP structural ORFs (Ch7v and 
Ch6-7) did not.  Notably, while most chimeras induced patterns of PAM gene expression 
similar to parental viruses, Ch1v and Ch3v, encoding LAV SP ORF 1A, induced different 
patterns of transcriptional activation indicating a role for ORF 1A in regulating macrophage 
inflammatory response.
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THE 30 AMINO ACIDS DELETION IN NSP2 

OF HIGHLY PATHOGENIC PORCINE 
REPRODUCTIVE AND RESPIRATORY SYNDROME 

VIRUS EMERGING IN CHINA IS NOT CLEARLY 
RELATED TO ITS VIRULENCE

L. Zhou, J. L Zhang, J. W. Zeng, X. Guo, H. C. Yang*
College of Veterinary Medicine, China Agricultural University, Beijing, China.

During the past two years, a typical porcine reproductive and respiratory syndrome 
(PRRS) was pandemic in China. It has been verified that the outbreak was caused by a 
highly pathogenic PRRSV with unique 30 amino acids deletion of Nsp2 coding region. 
In order to investigate whether the 30 amino acids deletion is related to virulence of 
the virus, we generated four full-length infectious cDNA clones including a highly 
pathogenic strain JXwn06 isolated in 2006 (RvJXwn), a classical virus (HB-1/3.9) isolated 
in 2002 (RvHB1/3.9), a chimera virus RvJXwn-HB1nsp2 that the part of Nsp2 covering 
the 30 amino acids deletion was replaced by the corresponding region of HB-1/3.9, and 
RvHB1/3.9/Nsp2del30 having the same amino acid deletion generated with JXwn06. The 
pathogenicity of their rescued viruses was analyzed in SPF piglets. The results showed that 
RvJXwn-HB1nsp2 was lethal to SPF piglets as RvJXwn and the parent virus except the 
delayed time of piglet death, and RvHB1/3.9/Nsp2del30 was not lethal to SPF piglets as 
RvHB1/3.9 and the parent virus. It was concluded that the 30 amino acid deletion in Nsp2 
of the highly pathogenic PRRSV is not clearly related to its virulence. Therefore, we can 
distinguish the Chinese highly pathogenic virus from other North America strains using 
Nsp2 deletion as a marker, however we are not able to use this as a definition of highly 
pathogenic strain of PRRSV in general.
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AN ATTENUATED MARKER VACCINE BASED  

ON HIGHLY PATHOGENIC PORCINE 
REPRODUCTIVE AND RESPIRATORY SYNDROME 

VIRUS (HP-PRRSV) PROTECTS PIGLETS 
AGAINST HP-PRRS   

Zhi-Jun Tian1, Tong-Qing An1, Yan-Jun Zhou1, Jin-Mei Peng1, Shou-Pin Hu1, Tian-Chao 
Wei1, Yi-Feng Jiang1, Guang-Zhi Tong1, 2*

 Division of Swine Infectious Diseases, National Key Laboratory of Veterinary 
Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural 

Sciences, Harbin 150001, China1; Shanghai Veterinary Research Institute, Chinese Academy 
of Agricultural Sciences, Shanghai 200241, China2 

Highly pathogenic porcine reproductive and respiratory syndrome (HP-PRRS) 
characterized by high fever, reddened skin and high morbidity and mortality, emerged in 
China since May 2006, and more than 1 million pigs were died. The conventional vaccines 
for classical PRRSV including live and inactivated vaccine did not provide effective 
protection against the challenge of HP-PRRSV. In order to develop a effective vaccine to 
control the disease, HuN4 strain, a representative of HP-PRRSV which was isolated from 
a pig experiencing the disease, was attenuated by passaging serially on Marc-145 cells. 
Sequence analysis of the derivatives of HuN4 passages showed that a highly conservative 
epitope 196QWGRL/P200 was mutated to 196RWGRL/P200 from HuN4 30th-passage; as a result, 
a monoclonal antibody directly against the epitope could not recognize the higher passages 
of virus any more. In animals experiment, six groups of PRRSV free piglets were employed, 
piglets of group 1~5 were inoculated intramuscularly with the 112th-passage HuN4 at a dose 
of 102.0TCID50~106.0TCID50, respectively, and group6 was taken as control group. Twenty-
one days post-inoculation, all animals were challenged with the 5th-passage HuN4. All the 
pigs of groups2~5 were antibody positive before challenge. After being challenged, 4 and 3 
pigs died in group 1 and group 6, respectively, and no pigs died in groups 2~5. In addition, 
the virus isolation, serum viral neutralizing antibody and pathology of groups 2~5 were 
obviously preponderance of that of group1 and group6. The results indicated that the HuN4 
112th-passage could protect the piglets from the lethal challenge by HP-PRRSV, and the 
attenuated virus could be differentiated from wild type PRRSVs by a monoclonal antibody. 



2008 International PRRS Symposium • 39

269
EFFECT OF PRRSV NSP2 EPITOPE DELETION 
MUTANTS ON THE INDUCTION OF CYTOKINE 

RESPONSE IN PORCINE ALVEOLAR 
MACROPHAGES

Zhenhai Chen1, Xiaoxin Zhou1*, Daniel Kuhar2, Steve Lawson1, Joan Lunney2, Ying Fang1 
1South Dakota State University, Brookings, SD. 2USDA-ARS, BARC, APDL, Beltsville, MD.

Control of porcine reproductive and respiratory syndrome virus (PRRSV) infection is 
hampered by the lack of effective vaccines. Most current vaccines focus on PRRS viral 
GP5 and M proteins.  Our studies have highlighted the potential importance of the non-
structural proteins (nsp), particularly nsp2.  The nsp2 is the largest viral protein of PRRSV.  
Besides its crucial role in viral replication, recent studies showed that it is also involved 
in modulation of host immunity.  In this study, we investigated the effect of nsp2 epitope 
deletion (∆ES) mutants on the innate and cellular immunity.  Using a Type 1 PRRSV cDNA 
infectious clone, each of the six identified B-cell epitopes (ES2 through ES7) was deleted. 
Deletion of ES3, ES4, or ES7 allowed the generation of viable virus. In comparison with the 
parental virus, ∆ES4, ∆ES7, and combined ∆ES3+4+7 mutants grew two-logs lower than 
wild-type while ∆ES3 grew one-log higher in porcine alveolar macrophages and MARC-
145 cells. The expression of IL-1β and TNF-α from the parental or mutant viruses infected 
macrophages was measured by swine cytokine ELISAs. Results showed that the IL-1β and 
TNF-α expression levels were higher in cells infected with the ∆ES7 mutant than with the 
parental virus, while much lower with the ∆ES3 mutant.  Currently, we are confirming 
our findings by real-time RT-PCR quantification of innate and T helper 1 (Th1) immune 
marker genes induced by these mutant viruses.  Our result suggests that by modifying 
certain nsp2 region, virus-specific host immunity could be enhanced.
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PORCINE REPRODUCTIVE AND RESPIRATORY 
SYNDROME (PRRS) VIRUS PREFERENTIALLY 

INDUCES INTERLEUKIN 10 (IL-10) RATHER 
THAN INTERLEUKIN 12 (IL-12) IN ALVEOLAR 

MACROPHAGES IN VITRO

Wen-hai Feng1*, He-xiao Zhang2, Jin-sheng Xu3, Mary B. Tompkins4, and Monte B. McCaw3
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Inspection and Quarantine Bureau, Chaoyang District, Beijing 100026, China3Department of 
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Regardless of the route of entry of porcine reproductive and respiratory syndrome virus 
(PRRSV), productive infection occurs predominately in porcine alveolar macrophages 
(PAMs). Studies have shown that PRRSV infected macrophages are compromised in their 
phagocytic capacity and in their ability to generate oxidative metabolites, suggesting that 
PRRSV alter macrophage functions. To further examining the effect of PRRSV infection on 
PAMs in vitro, cytokine profile was assessed by RT-PCR and ELISA.  PRRSV infection did 
not affect TNFα, IL-1β, and IL-8 mRNA expression by PAMs during the period observed 
(8 h and 26 h post infection).  However, significantly elevated IL-1α and IL-6 mRNA 
expression were observed in PAMs at 8 h and 26 h post PRRSV infection, respectively.  
PRRSV infection itself did not affect IL-12 mRNA expression in PAMs, but it significantly 
reduced the level of IL-12 mRNA expression as well as the IL-12 level in the culture 
supernatant in LPS-stimulated PAMs.  On the contrary, PRRSV infection significantly 
induced IL-10 mRNA expression in PAMs, and importantly it also significantly enhanced 
the levels of LPS-induced IL-10 mRNA expression in PAMs.  Significantly increased levels 
of IL-10 were also present in both the culture supernatant of PRRSV-infected PAMs and 
PRRSV/LPS treated PAMs as measured by ELISA. These results suggest that modulation of 
cytokine expression in PAMs by PRRSV may compromise the functions of PAMs.
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MOLECULAR EPIDEMIOLOGICAL 

ANALYSIS OF PORCINE REPRODUCTIVE 
AND RESPIRATORY SYNDROME VIRUSES 

PREDOMINANT IN SOUTHEASTERN CHINA 
FROM 2004-2007

HH Hu, ZF Zhang, XL Li, JB Shuai, N Chen, WH Fang*
 Institute of Preventive Veterinary Medicine, Zhejiang University, Hangzhou, China

Severe PRRSV infection has appeared in some parts of China since 2006, causing huge 
economic losses to the swine industry, and PRRSV strains with deletion of a defined region of 
NSP2 were isolated from recent outbreaks. We attempted to analyze the genetic relationship 
among PRRSV isolates from southeastern Chinese region and those of other regions based on 
their GP5 gene sequences in an effort to search for the clues as to their origin. 

The full-length GP5 gene and partial NSP2 gene fragment of 46 porcine reproductive 
and respiratory syndrome viruses from pig farms in southeastern China between 2004 
and 2007 were sequenced for phylogenetic analysis. All the isolates in this study were of 
North American type, and majority of them were clustered in subgroup II and had 84.1%-
89.1% amino acid sequence identity to those of subgroup I including the North American 
strain VR-2332. Positive selection (dN/dS >1.0) was seen mainly in the N-terminal region 
containing three variable regions (VR). One of the putative epitope (epitope A) in VR2 was 
under positive selection as well. Further analysis of the encoding amino acids revealed that 
majority of the subgroup II PRRSV isolates prevalent in the region since 2004 had thirteen 
identical mutation sites distinct from subgroup I strains, indicating possible introduction 
of a certain strain from the same source in the region or elsewhere well before 2004. We 
postulate that the PRRSV Chinese “prototype” CH-1a, which was “un-groupable” and 
isolated far back in 1996, might have undergone mutational divergence into subgroup II 
isolates. Moreover, there were additional mutations in the isolates from years 2006 and 2007 
in subgroup II. Deletion of a continuous 29-aa region in NSP2 was identified not only in 
all isolates in 2006-2007, but also in several strains in 2005, about one year earlier than the 
virulent PRRSV with the same deletion becoming prevalent in China. 

In summary, subgroup II PRRSV strains with nsp2 partial deletion have been prevailing 
in southeastern China for some years. Continuing surveillance is needed from molecular 
epidemiological and vaccinological perspectives for better control of the disease in the 
region. The role of 29aa deletion of NSP2 in PRRSV pathogenecity awaits further research.
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B LYMPHOCYTES ARE THE MAJOR POPULATION 
INFLUXING AND SECRETING INTERLEUKIN-10 IN 
BRONCHOALVEOLAR FLUID FOLLOWING ACUTE 

PRRSV INFECTION.

S. Nantawan Na Ayudhaya1, R. Ruttanapumma2, T. Thanawongnuwech2, D. Nilubol1,* 
1Department of Microbiology, 2Dept. of Pathology, Faculty of Veterinary Science, 

Chulalongkorn University, Bangkok, Thailand. 2National Institute of Animal Health, 
Bangkok, Thailand

Several studies demonstrated the upregulation of interleukin (IL)-10 following porcine 
reproductive and respiratory syndrome virus (PRRSV) infection, but major IL-10 secreting 
population has not been characterized. The objectives of the study were to characterize 
lymphocyte population in bronchoalveolar fluid (BALF) responsible for secreting IL-10. 
Thirty-two, PRRSV free, pigs were randomly allocated into 4 groups. Group A was no-
challenge control. Groups B and C were intranasally challenged with PRRSV, either US or 
EU isolate. Group D was intranasally challenged with both PRRSV EU and US isolates. 
Pigs were sacrificed on 10 and 30 days post infection (DPI). Bronchoalveolar lavage 
fluid (BALF) was collected. T and B lymphocyte population in BALF were characterized 
by flow cytometry coupled with the secretion of IL-10 by intracellular flow cytometry. 
PRRSV infection did alter the proportion of T and B lymphocytes in BALF. B lymphocyte 
population significantly increased at 10 DPI as observed by significant increased mean ratio 
of B and T lymphocytes. T lymphocyte population was very few. At 30 DPI, the mean ratio 
of B and T lymphocytes significantly decreased compared to 10 DPI. The decrease was due 
to the increased number of T lymphocyte population only. No reduction of B lymphocytes 
population was observed. The number of IL-10 secreting cells was significantly higher on 
10 DPI compared to that of cells on 30 DPI regardless to PRRSV isolates. B lymphocytes 
were the major population responsible for secreting IL-10. In conclusion, an acute PRRSV 
infection led to an influx of B lymphocytes and an increased secretion of IL-10. The results 
suggest a role of B lymphocytes in the pathogenesis of PRRSV during an acute infection. 
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INCREASED SEVERITY OF PRRSV-INDUCED 

PNEUMONIA AND GENETIC MODIFICATION OF 
PRRSV IN PIGS DUALLY INFECTED WITH PRRSV 
EUROPEAN AND NORTH AMERICAN ISOLATES
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1Department of Microbiology, 2Dept. of Pathology, Faculty of Veterinary Science, 
Chulalongkorn University, Bangkok, Thailand. 2National Institute of Animal Health, 
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Two genotypes of PRRSV, European and North American (NA), are described with each 
genotype independently evoluting in each continent. In several countries, however, both 
genotypes concurrently exist in which may play an important role in increased severity 
of clinical disease and genetic modification of PRRSV. The objectives of the study were 
to investigate pneumonic lesion and ongoing changes in PRRSV in pigs simultaneously 
infected with both EU and NA PRRSV isolates. Thirty-two, PRRSV free, pigs were 
randomly allocated into 4 groups. Group A was no-challenge control. Groups B and C were 
intranasally challenged with PRRSV, either NA or EU isolate. Group D was intranasally 
challenged with both isolates. Pigs were sacrificed on 10 and 30 days post infection 
(DPI). Lungs were assessed for PRRSV-induced macroscopic pneumonic lesion. PRRSV 
was isolated from bronchoalveolar lavage fluid (BALF). PRRSV-induced macroscopic 
pneumonic lesions were significantly more severe and persistent in pigs concurrently 
infected with both EU and NA isolates than pigs infected with either isolate. Several plaque-
cloned viruses were recovered and compared to the parent virus by sequencing of open 
reading frames (ORFs) 4 and 5 of the genome. The sequence analysis showed the changes 
in ORFs 4 and 5 occurred more rapidly in pigs concurrently infected with both EU and 
NA isolates than pigs infected with either isolate. The findings suggest the presence of 2 
distinctive genotypes can accelerate the change of viral genome and increase the severity of 
the disease. 
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CLASSICAL STRAIN BASED MODIFIED-LIVE PRRSV 
VACCINE PROVIDED CROSS-PROTECTION AGAINST 
HIGHLY PATHOGENIC PRRSV VARIANT ASSOCIATED 

WITH PORCINE HIGH FEVER DISEASE IN CHINA
Jianwu Zhang1, Zuzhang Wei1, Zhi Sun1, Jinshan Zhuang1, Fei Gao1, Haihong Zheng1, Jian Lv1, Hao Zheng1, 

Changlong Liu1, Feifei Tan1, Jiaqi Lu1, Yanfang Cong1, Xiaomin Wang1, Shishan Yuan1* Eric Vaughn2

1Department of Swine Infectious Diseases, Shanghai Veterinary Research Institute, Chinese 
Academy of Agricultural Sciences, Shanghai 200241, China; 2Eric M. Vaughn, Boehringer Ingelheim 

Vetmedica, Inc., Ames, IA 50010-8612, USA.

A devastating infectious disease, locally designated as “porcine high fever disease (PHFD)”, 
has spread all provinces of China since 2006.  Several lines of evidences demonstrated that 
porcine reproductive and respiratory syndrome virus (PRRSV) is the major causative agent, of 
which the mortality of the infected growing pigs can be up to 100%. Several inactivated- and 
modified live-vaccines have been applied by the Chinese farmers for controlling the highly 
pathogenic (HP) PRRSV with the mixed results. As one of the two live vaccines licensed in 
China, the Ingelvac MLV was deemed as more effective for PRRS, but animal experimental 
evidence was lacking. Using HP PRRSV JX143 strain, an isolate causing PHFD (Lv et al., 
2008) as the challenging virus, we conducted animal trial for evaluation of the Ingelvac® MLV 
protection efficacy against PHFD. Fifty-four, 29-day-old pigs negative for PRRSV and porcine 
circovirus type 2, were randomly assigned to groups 1, 2, or 3, each containing 22, 12 and 
14 pigs, respectively. Group 1 animals were vaccinated with Ingelvac® MLV vaccine, group 2 
were mock-vaccinated, while group 3 serves as the strict control. On 28 days post vaccination, 
groups 1 & 2 were inoculated intramuscularly with 3ml of diluted JX143 virulent virus 
(5x104.5 TCID/ml), followed by daily clinical observation, bleeding at interval, and necropsy 
on 21 days post challenge. During the first week immediately following virulent challenge, 
the average clinical scores of respiratory disease were in the range of 4 to 5 for the vaccinated 
group, while higher than 6 in nonvaccinated group, which lasted longer than the former. More 
significantly, all of the vaccinated pigs survived by the end of the study, while 8 out of 12 mock-
vaccinated pigs died. The rectal temperature in all pigs rise up to 41°C, however, the vaccinated 
pigs displayed significantly shorter fever (above 40°C) period than the control group. Gross 
lung lesion score, immunohistochemistry results demonstrated that the vaccinated pigs had 
less lung pathological damage. RT-PCR results showed that the vaccinated pigs had lower 
viral load throughout the period post challenge, with only 20% were viremic at 21 days p.i., 
whereas 70% of the negative pigs were still viremic at 21 days post challenge. The average daily 
weight gain (ADG) of the vaccinated pigs (0.3301±0.0414Kg) is similar to the strict control 
(0.3008±0.0653Kg), the challenged negative control had a much lower ADG (0.0392±0.2398). 
The data presented from this study clearly indicates that the Ingelvac® PRRSV MLV-vaccinated 
pigs had 100% survival and had significantly higher antibody response, lower ratio of clinical 
PRRS and viremia, less severe lung lesion, fewer, lighter and shorter clinical signs, and 
a shorter period of high rectal temperature as compared to the non-vaccinated pigs after 
challenge with a highly virulent PRRSV strain. Based on the results of this study, the use of 
Ingelvac® PRRS MLV in pigs should be strongly considered as an effective means to reduce 
clinical disease and economic losses associated with highly-virulent PRRSV in China.  
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MOLECULAR MANIPULATION IN THE HIGHLY 

VARIABLE 3’ UNTRANSLATED REGION OF 
THE TYPE II PORCINE REPRODUCTIVE AND 

RESPIRATORY SYNDROME VIRUS
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The 3’ untranslated region (UTR) plays a pivotal role for arterivirus replication, yet the 
properties of 3’UTR cis-acting elements have remained largely undefined. In this study, we 
conducted site-directed mutagenesis and reverse genetic manipulation to the 3’UTR of the 
infectious cDNA clone of a type (North American) II strain of the porcine reproductive 
and respiratory syndrome virus (PRRSV).  A series of deletions at the 5’ end of the 3’UTR 
showed that at least 40 nucleotides immediately following the ORF7 stop-codon were 
nonessential for the viability of PRRSV.  Further deletions rendered the virus nonviable 
upon transfections. On the other hand, we inserted 23 foreign nucleotides encompassing 
the recognition sites of three restriction enzymes, Pac I, Swa I, and Asc I, respectively, and 
a 13 nt sequence from the 3’ end of the leader (5’UTR).  Such an insertion mutant did not 
significantly affect the virus growth in the cultured cells, indicating that this region can 
tolerate up to 36 nts of foreign sequence insertions.  Although 3’UTR shares a mere 63% 
nucleotide identity between Type I and Type (European) II, a similar secondary structure 
was deduced by in silico analysis, implying that it may play the same role for PRRSV 
replication.  To test this hypothesis, a chimeric PRRSV infectious cDNA clone, pUPL2, 
containing the genotype II 3’UTR was constructed.  Upon transfection of pUPL2 into MA-
104 cell culture, surprisingly, chimeric virus, vUPL2, was generated, demonstrating that the 
3’UTR from different genotypes are fully functional for North American type of porcine 
reproductive and respiratory syndrome virus. Our results provided the first description of 
the cis-acting signal residing in 3’UTR region of PRRSV, and demonstrated that the high-
order structure of 3’UTR plays significant roles in its functionality.  
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PHYLOGENETIC PATTERNS OF ORF5 OF 
KOREAN PORCINE REPRODUCTIVE AND 

RESPIRATORY SYNDROME VIRUSES(PRRSVS) 
IN VIREMIC SERA COLLECTED FROM MLV-
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BK21 Program for Veterinary Science, Seoul National University, Seoul, 151-742, Korea.

The 34 ORF5 sequences of Korean type II PRRSV collected from viremic sera in the MLV-
vaccinating and non-vaccinating farms from 2007 to 2008 were phylogenetically analyzed 
with previous ORF5 sequences, including type I Korean PRRSV, and previously reported 
Korean reference sequences from 1997 to 2008, as background data.  The type II PRRSVs 
in Korea were divided into 6 subgroups, IIA, IIB, IIC, IID, IIE and IIF in 94.3-99.8%, 89.8-
93.3%, 87.2-91.7%, 88.7-90.0%, 86.8-90.5% and 84.9-87.2% of nucleotide homology with 
MLV, respectively.  And the type I PRRSVs were in one subgroup which had 87.2-88.9% 
of homology with Lelystad virus.  The PRRSV viremia in the pigs was observed in several 
MLV-vaccinating farms with any vaccine schedules, such as sow-only, sow-piglet and gilt-
only scheme.  The type II PRRSVs detected in the viremic pigs of MLV-vaccinating farms 
were predominantly included in subgroups IIC (57.1%) and IIF (21.4%) compared to non-
vaccinating farms (IIC (25%) and IIF (12.5%)). The amino acid sequences of type II PRRSV 
ORF5 in viremic pigs were also compared with MLV which has been the only live vaccine 
used in Korea.  The regions of three B-cell epitopes and two T-cell epitopes of ORF5 in 
PRRSV of viremic pigs were considerably different from MLV in all subgroups except for 
the type IIA subgroup.
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GENOTYPE PRRSV SUBTYPES
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Capsid protein in European genotype PRRSV (EU-PRRSV) is coded by a highly 
polymorphic ORF7 consisting of 375 to 393 nucleotides. Most of the strains of EU-PRRSV 
can be allocated into three genetic subtypes based on the size of the ORF7 gene. To study 
antigenic properties of capsid protein of strains from different genetic subtypes of EU-
PRRSV ORF7 PCR products obtained from serum samples from Belarusian farms Vas 
and Zap, harboring strains of subtype 2 and 3 respectively, were cloned and expressed in 
E. coli. inclusion bodies containing recombinant protein were purified and solubilised. 
The sera from naturally infected pigs from the Vas and Zap farms were examined for 
reactivity preference towards recombinant Vas and Zap ORF7 proteins by fully denaturing 
and reducing Western blotting. Eight of the 10 sera from the Vas farm reacted more 
strongly with Vas than with Zap antigen. Six of the 9 sera from the Zap farm reacted more 
strongly with Zap than with Vas antigen (not shown). Generally, sera reacted between 2 
and 4-fold stronger with the cognate antigen. Thus, the natural sequence variability of EU-
PRRSV ORF7 protein was associated with antigenic differences in naturally infected pigs. 
Interestingly, sera from pigs on the Zap farm had higher crossreactivity against Vas ORF7 
protein than did Vas sera against Zap antigen. Of the 11 genetic differences between Vas 
and Zap ORF7 protein (10 amino acid changes and 1 insertion/deletion), only 2 mapped 
to epitope sites defined by murine monoclonal antibodies. This suggested that porcine and 
murine B-cells differ in epitope recognition in the ORF7 protein, as previously observed for 
the ORF4 protein.
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NUCLEOCAPSID PROTEIN FOR GENOTYPE 
SPECIFIC SEROLOGY
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In the late 1990ies North American genotype PRRSV (NA-PRRSV) was introduced to 
Europe and European genotype PRRSV (EU-PRRS) to North America. Because cross-
protection between them is poor, discrimination of the genotypes is crucial for effective 
control of PRRS. Here we report the development of indirect ELISA based on recombinant 
nucleocapsid (N) protein expressed in E. coli, which allows the simultaneous detection and 
differentiation of antibodies against EU and NA genotypes of PRRSV. Genes coding for N 
protein from EU-PRRSV strain H2 and NA-PRRSV were cloned and expressed in E. coli. 
Transfected E. coli strains were kindly provided by Dr. T.W. Drew (VLA, Addlestone, UK). 
Inclusion bodies containing antigen were purified, solubilised and coated on Maxisorp 
(Nunc) 96 well plates. Mixed N protein from EU and NA genotypes was used as antigen 
for general PRRS ELISA. Individual antigens were used for discriminatory PRRS ELISA. 
Extract from non-transfected bacteria was used as natural host (NHC) antigen. Results 
of general PRRS ELISA were expressed as sample to positive OD ratio (S/P). Results of 
discriminatory PRRS ELISA were expressed as ratio of serum OD with European genotype 
antigen and American genotype antigen. Ratios >1.0 were indicative for infection with EU 
genotype and ratios <1.0 were indicative for US genotype. Comparative studies showed that 
sensitivity and specificity of the developed ELISA is similar to that of the reference IDEXX 
HerdChek PRRS 2XR ELISA. The discriminatory test allowed precise identification of pigs 
infected with single genotype PRRSV. Also, based on serological examination of pigs from 
several age groups, it allowed identification of simultaneous circulation of two genotypes 
within a farm. Our ELISA is a low cost alternative to more expensive genotyping by RT-
PCR. Using our ELISA to follow the circulation of PRRS genotypes in double infected herds 
is an effective method to define appropriate intervention strategies in different age groups/
farm sections.
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EUROPEAN GENOTYPE PRRSV IN RUSSIA
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Vladimir, Russia.  3Novo Nordisk A/S, Molecular Toxicology, Måløv, Denmark.

Recent work has shown that Lithuania, Belarus and Latvia harbor European genotype 
PRRSV (EU-PRRSV) of much higher genetic diversity than observed elsewhere in Europe, 
North America or Asia. We have in the present study examined EU-PRRSV sequence 
diversity in European and Asian regions of the Russian Federation. Samples were obtained 
from 37 Russian farms between 1996 and 2006. Total RNA was extracted directly from 
samples, and RT-nested PCR was used to amplify complete ORF7 and ORF5 genes. 
Purified, non-cloned PCR amplicons were cycle sequenced. Obtained sequences were 
compared to a reference set selected from GenBank to represent the full range of genetic 
diversity and geographic locations comprising EU-PRRSV sequences from Europe, Asia 
and North America. The study provided 57 new sequences of ORF7 and 22 new sequences 
of ORF5 of EU-PRRSV strains from 1996 to 2006. Most of the new Russian sequences 
exhibited ORF7 based clustering essentially conforming to the previously suggested 
subtypes 1, 2 and 3 of EU-PRRSV. Interestingly, while reference EU-PRRSV sequences 
from Western and Central Europe, Asia and North America formed a tight group within 
subtype 1, the Russian subtype 1 sequences were significantly more diverse. Finally, three 
Russian sequences from a single farm formed an independent cluster. In the EU-PRRSV 
ORF7 phylogeny, there was concordance between the size of ORF7, and phylogenetic 
grouping. Thus, subtype 1 contained viruses with ORF7 size of 387 nt, subtype 2 contained 
viruses with ORF7 size of 378 nt, and subtype 3 contained viruses with ORF7 size of 375 
nt. The grouping seen in ORF7 phylogeny was recapitulated in the ORF5 phylogeny but the 
bootstrap support was lower for ORF5 than for ORF7 trees as might be expected due to its 
lower conservation. Also more sequences exhibited intermediate positioning in the ORF5 
than in the ORF7 phylogenetic trees. The implications of the observed diversity are not 
known but possibly can impact the efficacy of methods to detect and control PRRSV.
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A one-step real time RT-PCR method has been developed for the simultaneous detection 
of both genotypes of porcine reproductive and respiratory syndrome virus (PRRSV). The 
assay is based on primer-probe energy transfer, and its most important advantage is the 
relative tolerance towards mutations in the target-probe region. The primers and the probe 
were designed by using an alignment of 235 Type 1 (including all subtypes) and Type 2 
PRRSV strains. The forward primer is designed to anneal close to the 3’ end of ORF 6, 
whereas the reverse primer anneals to the proximal part of the ORF7. The 3’ TEXAS-RED 
labelled probe is designed to attach on the nucleotide next to the 5’ FAM labelled reverse 
primer to provide adequate proximity for the FAM-Texas Red energy transfer. According 
to the alignment, multiple degenerations were put in the forward and reverse primers to 
make it able to detect every possible PRRSV strains deposited in the GenBank. Specificity 
was tested using 37 different PRRS strains and other eight swine pathogen viruses. The 
detection limit was below 10 copies of RNA prepared from the Lelystad virus, a European 
Subtype 3 virus (Belarus strain Soz-8), and an American vaccine virus (Ingelvac MLV®), 
respectively. The melting point analysis revealed melting point decrease, but no significant 
sensitivity and signal loss in the presence of numerous (up to five) target-probe mismatches, 
indicating the capability of tolerating even more mutations. The system is proven to detect 
and quantify phylogenetically divergent strains and can serve as a robust, high throughput 
tool in the molecular diagnostics of the PRRSV.
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POTENTIAL MECHANICAL AND ANTIVIRAL 

METHODS TO INSURE PRRSV-FREE SEMEN
L. Reister*, T. Clement, E. Nelson, J. Christopher-Hennings

1Veterinary Science Dept., South Dakota State University, Brookings, SD 57007
Introduction: PRRSV can be shed in boar semen causing transmission of the virus, so there 
is risk of wide dissemination of the virus through AI  “On-farm” approaches to reduce the risk 
of PRRSV shedding in semen were evaluated. This included a density gradient to purify semen 
from PRRSV and antivirals that when added to semen have the potential to reduce or eliminate 
the viral load.  HIV, hepatitis virus and Brucella abortus have all been successfully removed from 
semen by density gradients.1  PRRSV has been eliminated using a 15 ml density gradient, but a 
quicker method is needed to obtain more sperm after the gradient. Antivirals (cysteine protease 
inhibitors) were evaluated since they potentially block viral proteins needed for replication.  
Materials and Methods: For gradient evaluations (NidaCon, Intl., Gothenburg, Sweden), 29 
boars were inoculated IN with 104.6 TCID50 of PRRSV MN 30-100 (2-layer gradient). Semen 
was collected 3X/wk for 2 wks or, 8 boars were inoculated IN with SD-23983 PRRSV isolate (106 
FFU/ ml) (1-layer gradient). Semen was collected 2-3X/wk for 4 wks. PRRSV positive semen 
from the 2-layer (n=34) or 1-layer gradients (n=45) was centrifuged to concentrate sperm 
and layered on the gradient in a 50 ml tube using a novel insert to prevent contamination of 
purified sperm (Diversified Plastics, Mpls, MN). Samples were centrifuged through the gradient 
and tested before and after the gradients by PCR (Tetracore Inc., Rockville, MD). Any PCR 
positive samples after the 1-layer gradient treatment were also evaluated by a swine bioassay to 
determine infectivity.2 The cysteine protease inhibitors, chymostatin, E-64, antipain, cystatin 
C and α-2-macroglobulin were evaluated for antiviral activity using a modified FFN assay.3   

Endpoints were determined by 90% virus inhibition when compared to the positive control. 
Results: No viral RNA was detected in 26 of 34 (76%) or 32 of 45 (71%) sperm samples 
after the 2 or 1 layer gradients, respectively.  Swine bioassay piglets were all PCR positive 
by 3 days post inoculation (dpi) and seropositive by 13 dpi even if PCR Ct levels indicated 
very low levels of viral RNA. The protease inhibitor chymostatin was shown to inhibit 
PRRSV replication in vitro by 90% at a 62.5µm concentration. The other antivirals did not 
demonstrate viral inhibition up to 2000 µm concentrations. 
Discussion: The 1 and 2-layer gradients demonstrate some risk reduction from PRRSV-
contaminated semen to protect sow and gilt units receiving the semen. Although further 
refinements will be needed for 100% protection, these processes may also prevent 
transmission of other pathogens and eliminate non-viable sperm, thus optimizing the 
semen for insemination. It is important to note that even low levels of PRRSV RNA 
detectable by PCR can be infectious as determined by the swine bioassay. The addition of 
antivirals in semen would provide added protection against PRRSV. Since chymostatin 
demonstrated reduction in PRRSV growth in vitro, next, pigs will be inoculated (swine 
bioassay) with various doses of chymostatin and PRRSV positive semen to evaluate their 
efficacy in vivo along with evaluations of sperm quality after adding the antiviral.  
References: 1Loskutoff et. al., 2005.  Repro. Fert. Develop. 17 (1,2):185.
2Swenson et. al. 1994.  JAVMA 204:1943-48.
3Wu et al., 2001.  Virol. 287, 183-191
Acknowledgements: National Pork Board, Drs. Claudia Munoz-Zanzi & Albert Rovira (U of MN). 
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HOMOLOGOUS IMMUNITY AGAINST PRRSV: 
SHOULD THE PARADIGM BE QUESTIONED?

I. Díaz1*, M. Gimeno1,2, S. López-Soria1, I. Galindo-Cardiel 1,2, L. Darwich1,2, M. Montoya1, 
M. Martín1,2, M. Domingo1,2, J. Pujols1, E. Mateu1,2

1 Centre de Recerca en Sanitat Animal (CReSA) (UAB-IRTA), Bellaterra, Spain. 2 

Departament de Sanitat i Anatomia Animals, UAB, Bellaterra, Spain
In previous studies, we observed that different European-type strains may induce different 
cytokine patterns in antigen-presenting cells1. These different patterns might influence 
the outcome of the infection and have a role in the development of immunity. In PRRSV 
immunology it is assumed that infection with a given strain provides long-term homologous 
protection but does not necessarily produces full protection against other strains. In the present 
study, mid-term homologous and heterologous protection was assessed using two European-
type strains that present different in vitro cytokine patterns: strain A that induced high levels of 
IL-10 and TNF-α in SwC3+ cells and strain B that did not induce IL-10 or TNF-α. Twenty three-
weeks-old piglets were selected for the study. At six weeks of age, 14 piglets were intranasally 
inoculated with strain A (105.5 TCID50/ml; 2 ml/nostril). The remaining six pigs were mock-
inoculated. Two control and three inoculated pigs were euthanized at days 15 and 35 post-
inoculation (PI) and a complete necropsy was performed. Samples from lungs, lymph nodes, 
tonsil, thymus and spleen were taken for assessing PRRSV presence. Animals were bled weekly 
for serology (Idexx ELISA) and determination of viremia by nested RT-PCR. Whole blood was 
taken at days 0, 21, 42, 63, 70, 77 and 85 for PRRSV-specific IFN-γ-secreting cells (IFN-γ-SC) 
(ELISPOT) using either A or B strain. At day 85, four out of eight infected pigs were challenged 
again with strain A while the remaining four and two naïve controls were inoculated with strain 
B (105.5 TCID50/ml; 2 ml/nostril). At days 7 and 14 after that 2nd inoculation, blood samples 
were taken and the humoral response, viremia and the cell-mediated response were assessed 
as described above. At 14 days pigs were euthanized and necropsied. Initial inoculation with 
strain A produced very few clinical signs except for slight fever. At day 15 PI, the inoculated pigs 
showed signs of moderate interstitial pneumonia and PRRSV presence was demonstrated in 
lungs by IHC. By day 35 PI, all animals were PRRSV-negative. All inoculated pigs seroconverted 
by day 14 PI. At day 21 PI, inoculated pigs showed development of IFN-γ-SC although the 
magnitude of the response was different when using strain A or B (from 42 to 264 and from 0 
to 63 cells per million PBMC, respectively). Afterwards, frequencies decreased regardless of the 
strain used for in vitro stimulation although homologous response was higher. At day 85, the 
homologous response ranged from 17 to 167 IFN-γ-SC while heterologous response ranged 
from 0 to 58. Interestingly, after the 2nd challenge, all animals, both the ones inoculated with the 
homologous strain and the ones inoculated with the heterologous strain, became viremic. At 15 
days after the 2nd inoculation, the severity of lung lesions (interstitial pneumonia) was moderate 
and similar in both groups. No booster in the IFN-γ-SC response was observed, however 
cell-mediated responses to the heterologous strain were almost abolished in animals receiving 
the homologous challenge. Taking together these results indicate that, for certain strains, 
homologous protection could not be expected. Also, our results indicated that a 2nd challenge 
with the same strain may not induce a booster in immune responses and, regarding IFN-γ-SC, 
homologous infection might be detrimental for further responses against other PRRSV strains.
1. Gimeno M. et al. (2007). 5th Int. Symp. Emerging and Re-emer. Pig Dis.
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CLUSTERING OF EUROPEAN-TYPE PRRSV 

STRAINS BASED ON IL-10/TNF-A INDUCTION 
AND THEIR CORRELATION WITH IFN-SECRETING 

CELL LEVELS INDUCED IN PIGS

I. Díaz1*, M. Gimeno1,2, N. Navarro1, E. Cano1, M. Montoya1, J. Pujols1, E. Mateu1,2. 1Centre 
de Recerca en Sanitat Animal (CReSA) (UAB-IRTA), Bellaterra, Spain; 2Departament de 

Sanitat i Anatomia Animals, UAB, Bellaterra, Spain

A recent report has shown that different PRRSV strains may have different abilities to 
induce neutralizing antibodies and, if produced, cross reactivity with other strains may be 
variable1.  Moreover, other reports suggested that cell-mediated immunity, measured as 
IFN-γ-SC, may also have a role in PRRSV clearance2,3. However, cross reactivity of different 
PRRSV strains in terms of the cell-mediated immunity is scarcely known. The purpose 
of the present study was to find out whether in vitro cytokine patterns induced by a given 
PRRSV strain4 may influence of IFN-γ secreting cells (SC) measured by ELISPOT. Two 
groups of six-weeks-old pigs were intranasally inoculated (105.5 TCID50/ml; 2 ml/nostril) 
with either strain A (n=4) or strain B (n=5). Two additional pigs were kept as controls. 
These two strains were genetically different based on ORF5 sequences and also have 
different abilities to induce cytokine release in circulating SwC3+ cells: strain A induces high 
levels of IL-10 and TNF-α whereas strain B does not. Animals were clinically followed-up 
and bled weekly to evaluate viremia by nested RT-PCR. At day 42 post-infection, when 
animals were not viremic, whole blood were obtained to measure frequencies of IFN-γ-SC 
using different 16 European-type strains retrieved from 1991 to 2006. Levels of IFN-γ-SC 
were expressed as a comparative ratio to the homologous response, namely, the frequency 
against the strain with which the animal had been inoculated was considered to be 1.0 and 
all other values were reported as a proportion of that level. In the first experiment, where 
pigs were immunized with strain A, results of the IFN-γ-SC showed that strains inducing 
simultaneously TNF-a and IL-10 yielded a higher average ratio than non inducing (IL-10-/
TNF-a-) strains: 1.07 (CI95%: 0.66-1.48) for IL10+/TNF-a+ versus 0.42 (CI95%: 0.27-0.57) for 
IL-10-/TNF-a- (p<0.001).  When animals were immunized with strain B, again the strains 
inducing simultaneously TNF-a and IL-10 yielded higher ratios in IFN-γ-SC: 12.75 (CI95%: 
5.60-19.91) versus 6.97 (CI95%: 1.50-12.43) (p<0.05) for IL-10-/TNF-a-. In this second 
experiment, the homologous ELISPOT response, that is the one obtained using strain B as 
stimulus, was lower than the homologous response in the first experiment. As a result, the 
ratios in the second experiment were more extreme although they followed a similar trend. 
All in all, these results suggested that cytokine patterns induced by a given PRRSV strain 
in vitro influenced specific IFN-γ-SC induction in the animal and, conceivably, they might 
modulate the whole immunity of pigs against PRRSV. 
1 Kim et al. (2007). Vet Microbiol. 123: 1-14. 
2 Zuckermann et al. (2007). Vet Microbiol. 123:69-85.
3 Diaz et al. (2006). Virology. 351:249-59.
4 Gimeno M. et al. (2007). 5th Int. Symp. Emerging and Re-emerging. Pig Dis.
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UNCOVERING GENETIC COMPONENTS 

INVOLVED IN EARLY REGULATORY IMMUNE 
RESPONSE DURING PRRSV INFECTION

Michal Wysocki1, Juan P. Steibel2, Monte McCaw3, Daniel Kuhar1, Catherine W. Ernst2, Joan 
K. Lunney1*

1USDA, ARS, BARC, APDL, Beltsville, MD; 2Michigan State University, East Lansing, MI; 
3North Carolina State Univ, Raleigh, NC

Our goal is to identify the most significant pathways involved in early immune responses 
during porcine reproductive and respiratory syndrome virus (PRRSV) infection 
as compared to protective vaccination. For this experiment PRRSV-naïve animals 
were divided into four groups: (1) pigs infected with Acute-type PRRSV MNW2B; 
(2) pigs infected with Acute-type PRRSV NC Powell; (3) pigs vaccinated with a 
commercial modified-live PRRSV vaccine (Ingelvac ATP®) and (4) control pigs. Tissues 
[tracheobronchial lymph nodes (TBLN), cranial and caudal lung lobes, and tonsils] 
were collected between 3-6 days post infection/vaccination. Total RNA was prepared, 
labeled with Alexa Fluor® 555 and 647 dyes (Invitrogen) and hybridized to the Swine 
Protein-Annotated Oligonucleotide Microarray (20,400 oligos, www.pigoligoarray.org). 
A microarray loop design was used to test for changes in gene expression between all 
four groups and differences due to day post infection within the PRRSV infected groups.  
Results obtained for cranial lung tissues affirmed 923, 619 and 747 putatively differentially 
expressed genes for comparisons of different groups: (1) vaccinated versus control, (2) 
vaccinated versus infected, and (3) control versus infected, respectively. Final statistical 
and pathway analyzes are underway for lung, TBLN and tonsils to identify the biological 
functions and regulatory pathways that are most significant and genes whose expression 
is altered by the two pathologic acute PRRSV infections as compared to the protective 
vaccination. As expected, pathways involving interferons and other cytokines, as well as 
chemokines, have been identified as critical for differentiating infected from vaccinated 
pigs. Subsequent experiments will identify candidate genes and carry out real time RT- PCR 
to confirm their differential expression. 

Supported by USDA ARS and CSREES PRRS CAP funds.
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PRRSV STRAIN VR-2332 NSP2 DELETION 

MUTANTS ATTENUATE CLINICAL SYMPTOMS 
IN SWINE

Kay S. Faaberg1, Jun Han2, Baoqing Guo1, Kelly M. Lager1, and Marcus E. Kehrli, Jr.1 
1National Animal Disease Center, Ames, IA, 50010 and 2Department of Veterinary and 

Biomedical Sciences, University of Minnesota, Saint Paul, MN, USA, 55108.

PRRSV nonstructural protein 2 (nsp2) contains an N-terminal cysteine proteinase (PL2) 
domain, a middle hypervariable region and C-terminal putative transmembrane domain. 
Prior studies had shown that as much as 403 amino acids could be removed from the 
hypervariable region without losing virus viability in vitro (Han et al., J. Virol, 2007). We 
utilized selected nsp2 deletion mutants to compare in vitro and in vivo growth. Young swine 
(4 pigs/group; 5 control swine) were inoculated intramuscularly with one of 4 nsp2 deletion 
mutants (Δ727-813, Δ543-726, Δ324-523, Δ324-726) and full-length recombinant virus 
(rVR-2332). Serum samples were collected on various days post-inoculation. Samples were 
analyzed by HerdChek ELISA, RT-PCR, interferon g ELISA, and nsp2 nucleotide sequence 
analysis. Lymph node weight compared to body weight was recorded for each animal 
and used as a clinical measurement of viral pathogenesis. Results showed that all deletion 
mutants grew less robustly than full-length recombinant virus, yet all but the large deletion 
virus (Δ324-726) recovered to parental virus levels by study end. Swine receiving mutants 
Δ727-813 and Δ324-726 had a significant decrease in lymph node involvement compared 
to rVR-2332. Three of the 4 deletion mutants had significant reductions in serum IFN-g 
levels; only the D543-726 nsp2 mutant mimicked rVR-2332 in inducing a host serum IFN-g 
response but exhibited a two week delay. Sequencing results showed that all nsp2 deletions 
were stable. The data suggested that selected nsp2 deletion mutants may indicate regions 
responsible for inducing high levels of serum IFN-g, an innate cytokine of unknown 
function in PRRSV clearance, and domains that cause lymph node enlargement, and thus 
represents a significant advancement in our understanding of PRRSV pathogenesis.
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IDENTIFICATION OF DOMAIN REGIONS OF 

PORCINE REPRODUCTIVE AND RESPIRATORY 
SYNDROME VIRUS GP5 AND M PROTEINS THAT 

INTERACT WITH HOST SNAPIN PROTEIN 

Julie Hicks1,  Dongwan Yoo2,  and Hsiao-Ching Liu1

1Department of Animal Science, North Carolina State University, Raleigh, NC27695.
2Department of Pathobiology, University of Illinois at Urbana-Champaign,  
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Along with N protein, GP5 and M proteins are the major structural proteins encoded by 
Porcine Reproductive and Respiratory Syndrome Virus. Both M protein, a 19 kDa non-
glycosylated protein, and GP5, a 25 kDa glycoprotein, contain several membrane spanning 
regions. In a previous study we demonstrated by means of a yeast two-hybrid system that 
the host-encoded Snap-Associated Protein (SNAPIN) specifically interacts with GP5 and 
M. GP5 and M proteins are known to form a heterodimeric complex which is important 
for viral structure and infectivity. SNAPIN has recently been found to interact with many 
proteins involved in membrane fusion via its interaction with the SNARE complex. The 
interaction of the GP5-M heterodimer with SNAPIN reveals a possible mechanism for viral 
entry or release from the host cells. To test this hypothesis, specific domains of GP5 and 
M protein that associate with SNAPIN were mapped by testing a series of truncated sets 
GP5 and M proteins for the ability to interact with SNAPIN in a yeast two-hybrid mating 
system. Our results show that the ectodomains of both viral proteins are involved in the 
interaction. Our finding further supports the possibility that the interaction of GP5-M 
and SNAPIN is associated with membrane fusion and may thus function in viral entry or 
release from the host cells.
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VETERINARY IMMUNE REAGENT NETWORK

JK Lunney1*, P Boyd1, L Prucnal1, D. Zarlenga1, J LaBresh2, C Steffens2, B Wagner3, D 
Tompkins4, T Hudgens4, C Baldwin4 

 1APDL, BARC, USDA, Beltsville, MD; 3Kingfisher Biotech, St. Paul, MN; 2Cornell 
University, Ithaca NY; 4University 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, equine 
and aquaculture species. In 2008 major progress has been made to produce sets of reagents 
for pigs. Recombinant chemokines CXCL10 and CXCL11 were expressed in Pichia as and 
shown to be bioactive; development of monoclonal antibodies (mAb) to them is planned. 
The cytokines, interleukin-13 (IL-13), IL-15, interferon-alpha (IFNa) and IFNb have 
been expressed; bioactivity testing is underway. Screening of hybridoma fusions for mAb 
to T cell receptors, TCR, and cytokine receptors (IL-4R, IL-13R) have begun 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. 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 includes a listing 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 will be openly available to collaborators and be made commercially available 
using non-exclusive licenses. 
 
This project was funded by USDA CSREES proposal 2005-01812 and ARS. 
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RECEPTORS IN THE ELICITATION OF TYPE 
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Control of virus replication initially depends on rapid activation of the innate immune 
responses. Toll-like receptor (TLR) ligands are potent inducers of innate immunity against 
viral infections. Porcine reproductive and respiratory syndrome virus (PRRSV) initiates 
infection in pulmonary alveolar macrophages (PAMs), elicits weak immune responses, 
and establishes a persistent infection. To understand the role of ssRNA and dsRNA 
intermediates in eliciting host immunity, we sought to determine if Toll-like receptors 
(TLRs), particularly those that respond to viral molecular patterns, are involved in PRRSV 
infection. Activation of TLR-3 in PAMs with dsRNA, increased gene expression for 
interferon-α and suppressed PRRSV infectivity. In contrast, treating PAMs with LPS for 
TLR-4 did not influence PRRSV infectivity.
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PORCINE ALVEOLAR MACROPHAGE SURFACE 
PROTEIN EXPRESSION AND THE EFFECTS OF 
PORCINE REPRODUCTIVE AND RESPIRATORY 

SYNDROME VIRUS

R. Pullen*, C. Wyatt
  Department of Diagnostic Medicine and Pathobiology, Kansas State University

This study was designed to examine the effects of Porcine Reproductive and Respiratory 
Syndrome virus on porcine alveolar macrophage  phenotype, specifically the MHC I, 
MHC II, CD14, CD163 and CD173 surface proteins.  Lung lavage cells were obtained 
from 5 pigs and each lavage sample was assayed 3 separate times.  Isolate SD23983 was 
used to infect alveolar macrophages in vitro, and the cultures were incubated for 18 hours 
p.i.  Un- inoculated control cultures, PRRSV-infected cells within the virus-inoculated 
cultures, and uninfected cells within the virus-inoculated cultures were examined via flow 
cytometric analysis for surface protein expression and the presence of PRRSV.  Time course 
and cell concentrations, as well as supporting IFAs on the samples were also performed.  
The data consistently demonstrate an up-regulation of surface protein expression in the 
virus-infected cells compared to control cells, and a down-regulation of surface protein 
expression on the uninfected cells within the PRRSV-inoculated cultures.  These data 
suggest that: 1) there are at least two subsets of macrophages within the cell population, one 
of which is PRRSV susceptible, and; 2) the subsets are differentially affected by PRRS virus.
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PORCINE REPRODUCTIVE AND RESPIRATORY 

SYNDROME VIRUS INFECTION DOES NOT ALTER 
SURFACE MARKER EXPRESSION OF ALVEOLAR 

MACROPHAGES

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

Porcine reproductive and respiratory syndrome virus (PRRSV) is a highly host restricted 
virus, replicating preferentially in vivo in cells of the swine monocyte/macrophage 
lineage, especially in alveolar macrophages. However, MA-104 (MARC-145) cells are 
routinely used in labs for PRRSV growth and cellular pathogenesis studies due in part 
to limited availability of fresh macrophages. Since it is important to understand the 
behavior of PRRSV in its naturally permissive cells, we have evaluated the effect of 
macrophage storage in liquid nitrogen on PRRSV replication and on macrophage surface 
marker expression. Virus growth was monitored by nucleocapsid staining and cell surface 
expression of SWC3 (the common myeloid antigen) and CD163 (the putative PRRSV 
receptor) by specific antibody staining using FACS. Frozen storage did not impair the 
susceptibility of alveolar macrophages to PRRSV infection and the level of nucleocapsid 
protein synthesis. The infected cell percentage reached up to 27% after 24 hours of 
VR2332 infection. The relative levels of surface markers on macrophages were unchanged 
after frozen storage, 84% for SWC3 and 82% for CD163, and they did not change after 
24 hours of VR2332 infection. These findings indicate that macrophages stored in liquid 
nitrogen are suitable for in vitro PRRSV pathogenesis research, and that FACS is an 
effective tool for analysis of viral infection. The findings also suggest that viral infection 
does not cause a down-regulation of CD163 that could limit further macrophage infection.
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REPLICASE GENE REGIONS OF  
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South Dakota State University, Brookings, SD

A reverse genetics approach was applied to generate recombinant PRRSV that express a 
foreign protein in the replicase gene region.  Two sites in replicase ORF1a, located between 
nsp1/nsp2 or within nsp2 were tested for their ability to accept an insertion of a foreign 
gene.  When a cassette comprising the red fluorescent protein (RFP) gene and the foot-and-
mouth disease virus (FMDV) 2A oligopeptide was inserted between nsp1/nsp2, viral RFP-
expressing recombinant virus (RFP-PRRSV) was obtained.  However, the RFP gene started 
to be lost by passage three in cell culture.  When the green fluorescent protein (GFP) gene 
was inserted into the central region of nsp2, the N-terminal 159 amino acids were lost in a 
subpopulation of the virus by the seventh passage in cell culture.  However, deletion of the 
ES4 epitope that is located downstream of the GFP improved the stability of the insertion.  
The in vitro stability of the recombinant virus, SD01-08-GFP/ΔES4 was followed for 10 
serial passages in MARC-145 cells.  The GFP remained intact as a full-length gene, and the 
ES4 deletion was still present.  However, we detected a sub- population of infected cells that 
lost the GFP-associated fluorescence by passage 10 of the SD01-08-GFP/ ΔES4 virus in cell 
culture.  Mutations were identified in the GFP gene region with a nucleotide C-289 to T-289 
mutation consistently present, which caused the amino acid mutation of arginine (R) to 
cysteine (C) at position 97 of the GFP.  To verify that the R-97 to C mutation is responsible 
for the loss of GFP fluorescence, we performed reverse genetics to mutate the amino acid 
R-97 to C in GFP using the original pSD01-08-GFP/ ΔES4 plasmid.  The recombinant virus 
recovered from cell culture showed no fluorescence under fluorescent microscopy, but the 
virus was detected by IFA using a monoclonal antibody specific to nucleocapsid protein.  
The in vivo stability of the SD01-08-GFP/ΔES4 virus was further determined in infected 
animals. The results were consistent with in vitro study, which demonstrated the stability 
of GFP insertion ΔES4 deletion in recombinant virus isolated in serum samples from 
challenged pigs at 21 days post infection.
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ASSOCIATION BETWEEN PRRS VIRUS 

GENOTYPES AND CLINICAL SIGNS OF DISEASE

 T. Rosendal1*, C. Dewey1, Z. Poljak1, B. Young1

 1Dept. of Population Medicine, University of Guelph, Guelph, ON.

Between September 1st 2004 and August 31st 2007, 442 surveys were collected on the 
clinical signs of PRRS in Ontario pig farms. Surveys represented 333 farm premises that 
had positive PRRSV PCR test results. The ORF5 gene of PRRSV was sequenced from each 
surveyed herd. PRRSV RFLP patterns were compared to reported clinical signs of disease 
using logistic regression. Mantel’s statistic and a generalized additive model (GAM) were 
used to compare the homology between two viruses and the similarity in clinical signs 
of PRRS in the herds from which the viruses were collected. RFLP type 1_4 was the most 
frequently detected PRRSV type followed by 252 (associated with the Ingelvac® PRRS MLV 
vaccine) 134, 1_2 and 132. Herds with RFLP type 1_4 were more likely to report problems 
with abortion (OR=18.2), sows off-feed (OR=7.4), stillborn pigs (OR=3.3), weak-born 
pigs (OR=8.7), sow or boar mortality (OR=11.2) and preweaning mortality (OR=4.4) than 
those herds where only the vaccine virus was detected. Likewise RFLP types 1_2 and 134 
were associated with abortion, sows off-feed, weak-born pigs, and preweaning mortality. 
For all clinical measures there was a statistically significant, but small, correlation between 
sequence homology and clinical similarity using the Mantel statistic. The GAM analysis 
indicated that similarity in clinical signs only existed between herds with a sequence 
homology of greater than 90%, which may explain the disagreement between the Mantel 
analysis and the association between RFLP type and clinical signs. Clinical signs were most 
similar between herds when the sequence homology between them was 97.5%. Two herds 
with viruses of 97.5% homology had a 75% probability of having similar clinical signs of 
PRRS. Clinical similarity decreased when sequence homology approached 100%. These 
findings indicate that PRRS virus genotype may play an important role in resulting clinical 
PRRS and more similar viruses seem to result in more similar clinical disease but identical 
viruses do not present consistent clinical disease between herds.
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PORCINE REPRODUCTIVE AND RESPIRATORY 
SYNDROME VIRUS (PRRSV) GLYCOPROTEIN-

GLYCOPROTEIN AND GLYCOPROTEIN-
RECEPTOR INTERACTIONS

Phani B. Das*, Israrul H. Ansari, Marcelo de Lima, Fernando A. Osorio, and Asit K. 
Pattnaik, Department of Veterinary and Biomedical Sciences, University of Nebraska-

Lincoln, Lincoln, NE

Porcine reproductive and respiratory syndrome virus (PRRSV) is an enveloped virus. 
It contains the major glycoprotein, GP5, as well as the three other minor glycoproteins, 
namely, GP2a, GP3, and GP4, on the virion envelope, all of which are required for 
generation of infectious virions. These glycoproteins are presumed to interact with each 
other for virus assembly and with the cellular receptor for virus entry into susceptible 
host cells. To study GP-GP and GP-receptor interactions, we have cloned each of the viral 
glycoproteins and CD163 receptor in vectors and examined their expression and interaction 
with each other in transfected cells by coimmunoprecipitation studies using monospecific 
antibodies. Our results show that strong interactions exist between GP4 and GP5 proteins, 
although weak interactions among other glycoproteins have also been noted. Furthermore, 
glycosylation of the viral glycoproteins does not appear to be involved in these interactions. 
In an attempt to determine which of the viral glycoproteins directly interacts with the 
CD163 receptor, we coexpressed the individual GPs along with CD163 and examined 
their interactions in coimmunoprecipitation studies. Our results show that GP2a and GP4 
specifically interact with the CD163 molecule. Overall, we conclude that GP2a and GP4 
proteins together on the virion envelope may be responsible for mediating interactions with 
CD163 for virus entry into susceptible host cell. 
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SUPPRESSION OF INTERFERON REGULATORY 

FACTOR 3 (IRF3) ACTIVATION BY PRRSV 
NON-STRUCTURAL PROTEIN 1 (NSP1) AND 

MODULATION OF INTERFERON PRODUCTION

O. Kim*, and D. Yoo
 Department of Pathobiology, University of Illinois at Urbana-Champaign, Urbana IL

PRRSV is known to possess a capacity to suppress the type I interferon production during 
infection in cells and the pig. The IFN suppression leads to inefficient adaptive immune 
responses and long-term viral persistence in infected pigs. The expression of IFN genes rely 
on the variety of transcription factors of which interferon regulatory factor 3 (IRF3) plays 
a major role for IFN gene expression. Upon stimulation by dsRNA, IRF3 is phosphorylated 
and homodimerized, and is subsequently translocated to the nucleus. The nuclear-localized 
IRF3 interacts with CBP/p300 co-activators and activates transcription after binding to a 
target sequence. In the current study, we show that PRRSV non-structural protein 1 (Nsp1) 
contains a significant level of inhibitory effects on the poly I:C-induced IRF3 activity 
and IFN-x promoter activity. We found that Nsp1 did not induce IRF3 phosphorylation 
and nuclear translocation but instead inhibited IRF3 transactivation by interfering with 
its association with CBP co-activator. Nsp1 contains two papain-like cysteine proteinase 
(PCP) domains and is autocleaved to Nsp1-α and Nsp1-β subunits to contain PCP-α and 
PCP-β domains, respectively. To examine the role of PCP activities for IRF3 activation, 
the protease catalytic sites were mutated to construct C76S, H146Y, and C76S/H146Y 
for Nsp1-α, and C270S, H339Y, and C270S/H339Y for Nsp1-β. Each mutant was then 
examined for its IRF3 activity by luciferase reporter assay, IRF3 and CBP interactions by 
co-immunoprecipitation, and IFN-β expression by western blot after poly I:C stimulation. 
The results indicate that the PCP activity in Nsp1-α is associated with both IRF3 and IFN-β 
promoter activities. Our data suggest that the Nsp1 protein plays an important role for IFN 
down-regulation during PRRSV infection.
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ONE-STEP MUTAGENESIS OF THE  

FULL-LENGTH INFECTIOUS CLONE OF PRRSV 
AND GENERATION OF ENGINEERED VIRUSES

D. Yoo, Y. Sun*, and N. Chen
 Department of Pathobiology, University of Illinois at Urbana-Champaign, Urbana IL 61802

The recent development of infectious cDNA clones for PRRSV has made it possible to 
modify the viral genome at specific sites and generate specifically-engineered virus in 
vitro. However, full-length plasmids for PRRSV are 20 kb in size and thus introduction 
of mutations requires the use of an intermediate size clone as a shuttle plasmid. This 
is technically cumbersome and time-consuming because of multiple enzyme sites and 
inefficiency and instability of large plasmid cloning. To overcome such hurdles, PCR-
based one-step mutagenesis was developed to introduce specific mutations directly to 
the 20 kb full-length PRRSV infectious clone. The GP4 glycoprotein of PRRSV contains 
a motif for glycosylphosphatidylinositol (GPI) anchor. GPI is a glycolipid that may be 
attached to the C-terminus of a protein during post-translational modification and thought 
to function for signal transduction and lipid-raft formation on the membrane. Using 
our method of mutagenesis, GP4 gene was mutated to substitute 7 amino acid residues 
around the predicted cleavage site for GPI anchor to valine. E. coli were transformed with 
mutagenized full-length clones, and antibiotic resistant colonies were selected for plasmid 
DNA preparation. Sequencing showed that 70% to 100% of transformants were positive 
for desired mutations. To generate viruses from the mutated clones, full-length RNA 
transcripts were synthesized in vitro and transfected to MARC-145 cells using the Amaxa 
nucleofector transfection system. Typical cytopathic effects for PRRSV were observed and 
infectious virus was produced as confirmed by immunofluorescence, infectivity assays, and 
RT-PCR of the culture supernatants. This method is highly efficient and useful for mutant 
PRRSV constructions from an infectious cDNA clone.
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 THE COMPLEX INTERACTIONS OF PORCINE 

REPRODUCTIVE AND RESPIRATORY SYNDROME 
VIRUS WITH ITS HOST CELL, THE MACROPHAGE

H.J. Nauwynck*, Peter Delputte
Laboratory of Virology, Faculty of Veterinary Medicine, Ghent University, Salisburylaan 

133, 9820 Merelbeke, Belgium

Porcine reproductive and respiratory syndrome virus (PRRSV) has a specific tropism for 
a subset of differentiated macrophages in the pig. This defines the full pathogenesis of the 
virus. Heparan sulphate glycosaminoglycans are found to mediate a first, unstable binding 
of the virus to the cell. This is followed by a binding to sialoadhesin, a step that is directed 
by an interaction of sialic acids present on viral envelope glycoproteins with the N-terminal 
sialic-acid binding domain of sialoadhesin. Sialoadhesin then mediates virus uptake via a 
clathrin-mediated endocytic process into endosomes, where a pH drop further leads to a 
disassembly of the virus and release of the genome into the cytoplasm. CD163 was shown 
to co-localize with PRRSV in endosomes where it is essential for PRRSV uncoating. Both 
a yet unidentified serine protease and the aspartic protease cathepsin E are found to play 
a role in the uncoating process. Recently, it has been shown that exposure of monocytes 
and macrophages to interferon alpha increases the expression of sialoadhesin and as a 
consequence the susceptibility to PRRSV infection. A full understanding of the complex 
interactions between viral and cellular proteins will guide researchers in the quest to new 
control strategies. 
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REPLICON PARTICLE PRRSV VACCINE 

PROVIDES PARTIAL PROTECTION FROM 
CHALLENGE

Mogler, MA1*; Erdman, MM1; Vander Veen, RL1; Gary Owens4; Kurt Kamrud4;  
Jonathan Smith4; Harris, DL1,2,3

Iowa State University, 1Department of Animal Science and 2VDPAM; 3Sirrah Bios,  
Ames, Iowa. 4AlphaVax, Inc., Research Triangle Park, NC.

Porcine reproductive and respiratory syndrome (PRRS) is one of the most economically 
significant diseases facing the swine industry.  New strategies for preventing and 
eliminating the disease are needed.  We created replicon particle (RP) vectors expressing 
GP5 and Matrix proteins of PRRS virus.  These RP were compared to commercial modified 
live virus (MLV) vaccine, inactivated PRRS virus, placebo, and strict negative controls.  
Pigs were immunized on Day 0 and Day 28 of the study. Pigs that received RP did not 
seroconvert by IDEXX ELISA prior to challenge, while pigs that received MLV did.  All pigs 
except strict negatives were challenged on Day 56 with a strain of PRRS virus homologous 
to the RP parental strain.  Pigs were necropsied 21 days post-challenge.  Following 
challenge, mean IDEXX ELISA S/P ratios were significantly lower in pigs that received 
RP vaccine compared to other challenged groups.  Also, the RP group had significantly 
lower live virus titers compared to placebo and inactivated PRRS virus.  Histopathology of 
tissues showed no differences between groups at necropsy.  These results indicate that the 
RP vaccine provided partial protection from virulent challenge, while providing a way to 
differentiate between infected and vaccinated animals (DIVA).
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MULTI-REGIONAL MARKET SWINE PRRSV 

ANTIBODY SURVEY
JD McKean DVM JD1*, JA. Korslund DVM2, A.Scott DVM2, D Pyburn DVM2, P Webb DVM,3
 1 Dept. of Veterinary Diagnostic and Production Animal Medicine, Iowa State University, Ames 
Iowa,  2United States Department of Agriculture, Animal and Plant Health Inspection Service, 

Veterinary Services, Fort Collins CO and Des Moines IA.  3National Pork Board, Des Moines Iowa.

PRRS virus eradication is a future USA pork industry goal. A major consideration to 
process initiation is the prevalence and distribution of infected swine within hog-dense 
areas (Iowa and surrounding states, North Carolina) and in less hog dense areas of the 
eastern and mid-southern USA. The objectives of this market swine survey were:

to compare market swine lots containing PRRS antibodies presented at 12 abattoirs 1.	
representing the Midwest, North Carolina and less hog dense areas by utilizing meat 
juice technologies and the USDA-APHIS-VS market swine surveillance system
to benchmark within-lot PRRS antibody levels in different regions, and 2.	
to generate comparative population data to a 2005-6 survey of Midwestern plants. 3.	

The market swine surveillance program currently collecting meat juice samples in high-
volume abattoirs, representing >40% of the national daily harvest, was used to obtain 
samples for Phase 1 (December 2007- March 2008) and Phase 2 (June 2008-September 
2008); this benchmark data represents a broad cross-section of the finishing industry 
supplying market swine to abattoirs in the Midwest (9), North Carolina (1) and eastern 
(1) and mid-southern (1) during two seasons. The population sample size (74,451) is 
sufficiently robust to enable statistical comparisons of seasonal variability, changes in 
demographics or area prevalence, and potentially other factors related to the spread of 
PRRS virus within this swine population and to a previous survey conducted in 2005-2006. 
The same procedures for sample selection, handling and data reporting were used in both 
surveys. The 2007-2008 data are only partially completed for this submission. In the first 
phase of this survey PRRS antibodies were detected in 61.4% of 74,451 samples tested. 
In comparison, the 2005-6 survey yielded 74.8% and 72.5%, respectively of individual 
samples. Lots were classified “positive” if one or more positive samples were identified/
lot. In the first phase of the 2007-8 survey 73% of 14,902 lots were judged positive. The 
2005-6 results yielded 85.8% and 85.0% lots classified as positive. Producers were identified 
as “positive” with 82.8% in the current survey and 89.7% in both phases of the 2005-6 
iteration. Clear regional and production system size differences were observed between the 
Midwest and North Carolina as compared to the two plants servicing less hog dense areas.  
Overall plant positive rates ranged from 40.1% to 97.8% in the first phase of the 2007-8 
survey.  Additional summary and more targeted analyses will be prepared for symposium 
presentation with the completion this survey. 

Reference: Regional Market Swine PRRSV Antibody Survey. McKean, JD., O’Connor, AM, Beary J.  International PRRS 
Symposium (2006), p.63. 
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PREVALENCE OF PRRSV IN BOARS OF 

SONORA, MEXICO 

 J. Hernández*, S. Icedo, M. Reséndiz
 Laboratorio de Inmunología, CIAD A.C. Hermosillo, Sonora, México.

In this work we evaluated the prevalence of porcine reproductive and respiratory syndrome 
virus (PRRSV) in boars of Sonora. One-hundred forty boars from 20 farms located in 
the State of Sonora, Mexico were selected for this study. Semen and serum samples were 
collected from each boar, and PRRSV was quantified by real-time PCR (Tetracore Inc.). 
In positive samples, ORF-5 gene was amplified and sequenced. The presence of antibodies 
anti-PRRSV in serum was analyzed by ELISA using the commercial kits IDEXX and 
HIPRA. From each farm, the percentage of fertility and the number of live piglets born was 
recorded.  The farms of this study were located in the north (n=1), center (n=16), and south 
(n=3) of the State of Sonora. They were one-site or two-site and most of them had the boars 
housed into the farm, with just a special site to keep the boars away from the rest of the 
pigs. The total number of boars analyzed represented at least 30% of the total population in 
each farm. Based in our results, viral loads in semen and serum were divided as low (<102), 
medium (102-104) and high (>104). The analysis of viral loads showed that only 7 out of 20 
farms were negative to PRRSV in both semen and serum, and that two farms were negative 
in serum and positive in semen. Analysis of serum samples from a total of 53 positive boars 
showed 3 with low, 30 with medium, and 20 with high viral loads. On the other hand, 
semen samples from a total of 39 positive boars analyzed showed, 11 with, 22 with medium, 
and 6 presented high viral loads values. The nucleotide sequence identity compared with 
the virus VR2332 ranged between 87-89%. The analysis of antibodies anti-PRRSV revealed 
that both commercial kits showed similar results, but the number of positive boars using 
HIPRA was higher than IDEXX. In summary, this study showed high prevalence of PRRSV 
in the boars of Sonora with higher viral loads (>104) in serum than in semen. The genetic 
analyses showed that boars tested were infected with American genotype of PRRS and that 
the HIPRA kit was more sensitive to detect infected boars from PRRSV-positive farms.
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HIGHLY VIRULENT PRRSV-FL12 STRAIN DOES 

NOT UP REGULATE INTERLEUKIN-10 LEVELS IN 
INFECTED M-CSF DRIVEN MACROPHAGES

S. Subramaniam1*, B. J. Kwon1, L. Beura1, F. Zuckermann2, F. A. Osorio1

 1Department of Veterinary & Biomedical Sciences, University of Nebraska-Lincoln. 
2Department of Veterinary Pathobiology, University of Illinois at Urbana-Champaign.

Porcine Reproductive and Respiratory Syndrome Virus (PRRSV), has been reported to 
induce the immunosuppressive cytokine, Interleukin-10 (IL-10) in infected pigs. Likewise, 
strain-to strain variability in the ability to induce IL-10 by PRRSV-infected cultures of 
pulmonary alveolar macrophages has been reported. Seeking a model to study the IL-10 
induction mechanism during PRRS virus infection in vitro, we have characterized primary 
macrophages derived in vitro from blood monocytes under the influence of M-CSF. These 
MCSF driven macrophages (MMs) are found to be highly permissive to PRRSV infection. 
Using this in vitro model, we evaluated the IL-10 induction both at mRNA and protein 
levels in MMs as well as monocyte-derived dendritic cells (MDCs) infected with the highly 
virulent strain, PRRSV-FL12. We found that PRRSV does not up regulate IL-10 levels in 
MMs and does it just marginally in MDCs. Further studies involving characterization of 
cell populations that induce IL-10 during PRRS virus infection in vivo are now ongoing.
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EFFECT OF THE USE OF SPECIFIC AVIAN 

IMMUNOGLOBULINS AGAINST PRRSV 
(IMMUNOPRRS) IN ORDER TO STOP  

THE CASCADE OF ABORTIONS GENERATED BY 
THE LATERAL INFECTION OF 2 NEW STRAINS 

OF PRRSV IN A STABLE FARM

Herrera J.D**, Francos T.A.**, Lucio E**, Morales A.**,Valencia L,* Pulido. D*.
* Owner and DVM of the farm, ** Investigación Aplicada S.A. de C.V. personnel.

This study proves how specific avian immunoglobulins neutralized PRRSV. The IgY’s reduced 
the productive loss generated after the introduction of two field strains not present in the 
previous records of the farm. The aforementioned strains were identified by means of ORFLP, 
resulting in two strains found; one HP and one LP. The farm had been stable for three years. 
The farm was found positive since 2004, and an outbreak was reported in 2005; from that date 
on it remained stable until January 2008. In the latter date, abortions, premature births and 
sows without appetite were reported as the result of an outbreak. Two alien strains were found 
and isolated. Afterwards, an application of two 5 mL doses of ImmunoPRRS was performed 
via im. The applications took place with two weeks between them, administrating to all the 
reproductive animals. The aformentioned stopped the abortions 3 to 4 weeks after the first 
application. This proves neutralization of the 2 new PRRSV strains found and a marked 
decrease in viremia, since the problem lasted only 5 weeks, only three weeks after applying 
the product. The farm stopped reporting abortions and went back to normal production 
parameters 6 weeks after the last outbreak was observed.  
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ISOLATION OF PRRSV FIELD ISOLATES FROM 

CLINICAL SAMPLES IN M-CSF DRIVEN 
MACROPHAGES

H. L. X. Vu1*, S. Subramaniam1, F. Zuckermann2, F. A. Osorio1

 1Department of Veterinary & Biomedical Sciences, University of Nebraska-Lincoln. 
2Department of Veterinary Pathobiology, University of Illinois at Urbana-Champaign.

Procedures to recover infectious PRRSV from clinical samples are limited to the use of 
either the MA-104 monkey kidney cell line or its derivatives (such as MARC 145 cells), 
or swine pulmonary alveolar macrophages (PAMs). Use of the monkey cell lines presents 
the limitation of lower sensitivity of isolation due to the inability of many PRRSV field 
strains to replicate in these cells during primary isolation. Likewise, the use of PAMs as a 
diagnostic isolation routine is a cumbersome and expensive procedure. In addition, the 
pig-to-pig variability of PAMs regarding their sensitivity for PRRSV isolation has been 
reported to be significant. In this study, we evaluated a method to isolate PRRSV field 
strains directly from tissue samples using M-CSF driven macrophages (MMs). These MMs 
are derived in vitro under the influence of M-CSF on purified monocytes obtained from 
individual, PRRSV negative blood donor pigs. The MMs were found to be highly permissive 
to infection by both Type 1 (Lelystad) and Type 2 (FL12) PRRSV reference strains. We used 
homogenates of PRRSV specific, PCR positive tissue samples for isolation of PRRSV in 
these MMs. We isolated PRRSV from 70% of tissue homogenates (n=30) in titers ranging 
from 103.25 to 106.75  TCID50 /mL after first passage in MMs. Parallel attempts in MARC-145 
cells using the same samples were successful in just 5 % of the samples. PRRSV infection in 
MMs was confirmed in all cases by virus specific immunofluorescence. Subsequently, seven 
out of ten virus isolates harvested in MMs were easily adapted to MARC-145 cells. These 
cells may represent a practical approach to isolate infectious PRRSV from PCR-positive 
clinical samples.
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COMPARISON OF N PROTEIN NUCLEOLAR 

LOCALIZATION AMONG PORCINE 
REPRODUCTIVE AND RESPIRATORY SYNDROME 

VIRUS ISOLATES AND  
THEIR ABILITY TO INDUCE TYPE I IFN

C. Overend1*, R. Maganti1, A. E. Garmendia1

1Department of Pathobiology and Veterinary Science, University of Connecticut, Storrs, CT.

It has been observed previously that porcine reproductive and respiratory syndrome virus 
(PRRSV) is capable of translocating the nucleocapsid (N) protein to the nucleus and the 
nucleolus of infected MARC-145 cells and porcine alveolar macrophages (PAM) (Rowland 
et al 1999). In the nucleolus, many vital functions of the cell take place, such as ribosomal 
assembly and maturation. It has been demonstrated by others that PRRSV N protein binds 
to both viral RNA and likely host RNA at the site of ribosomal maturation. Another study 
demonstrated that PRRSV with mutations in the nucleolar localization sequence (NoLS) is 
significantly attenuated in vivo, and there is a strong selection pressure for reversion (Lee 
et al 2006). Furthermore, this phenomenon occurs early on in the course of infection. This 
indicates that the nucleolar localization of PRRSV N might play a role in control of the 
innate immune response to the virus, specifically the induction of type I interferon (Type 
I IFN). Currently, our laboratory is comparing several strains of PRRSV in their ability to 
translocate the N protein to the nucleolus and the potential relation of this phenomenon 
to their ability to block type I interferon production. This is being achieved by IFA staining 
of PRRSV N in MARC-145 and PAM, and comparison of the amount of intracellular IFN 
staining by flow cytometry and ELISA of acid treated supernatants of PRRSV infected cells. 
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SUB-TYPING PRRSV ISOLATES BY MEANS OF 
MEASUREMENT OF CROSS NEUTRALIZATION 

REACTIONS

H.L.X. Vu1*, M. Brito1, W.I. Kim2, K.J. Yoon2, W. Laegreid3, and F.A.  Osorio1

  1 Dept. of Veterinary and Biomedical Sciences, University of Nebraska-Lincoln, Lincoln, 
NE. 2Dept. of Veterinary Diagnostic and Production Animal Medicine, Iowa State 

University, Ames, IA. 3 Dept. of Veterinary Pathobiology, University of Illinois at Urbana-
Champaign, Urbana, IL.

Genetic and antigenic diversity among strains of PRRSV is one of the major obstacles for 
the development of a successful vaccine that could provide a wide spectrum of protection.  
Sub-typing PRRSV isolates is of cardinal importance for making decisions about which 
viral strains to use when formulating a vaccine. It has been demonstrated that neutralizing 
antibodies are important contributors of protective immunity against PRRSV infection. 
Cross-neutralizing reactivity would therefore be a parameter that allows grouping the 
constellation of the PRRSV isolates in a manner that would better reflect their antigenic 
and immunogenic relevance than using a mere genetic sequence comparison of selected 
PRRSV genes. Moreover, the value of cross neutralization for establishing subtypes of 
highly variable RNA viruses has been well proven in case of Foot and Mouth Disease virus. 
In the present study, reference hyper-immune antisera were developed against each of the 
following six PRRSV strains: Lelystad, VR2332, MN184, 97-7895, 1403-02 and 5424-00. 
The cross neutralization profile of 63 PRRSV isolates originated in North-America was 
measured using these six reference antisera. Based on the cross neutralization results, we 
were able to subtype 60.5% of the PRRSV isolates studied. The distribution of PRRSV 
isolates in each group was as follows: Lelystad: 17.5%; VR2332: 17.5 %; MN184: 5.0%; 97-
7895: 3.0%; 1403-02: 16.0% and 5424-00: 1.5%. Additional hyper-immune sera are now 
being developed and incorporated to our reference bank in order to achieve successful sub-
typing of 100% of PRRSV isolates. 
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INHIBITION OF PORCINE REPRODUCTIVE 
AND RESPIRATORY SYNDROME VIRUS 

REPLICATION BY ADENOVIRUS-MEDIATED RNA 
INTERFERENCE BOTH IN PAM AND SWINE

Guangming Li, Ping Jiang*, Yufeng Li, Xianwei Wang, Juan Huang, Yijun Du,  
Biyue Wu, Nianqu Chen

 Key Laboratory of Animal Diseases Diagnostic and Immunology, Ministry of Agriculture, 
College of Veterinary Medicine, Nanjing Agriculture University, Nanjing 210095,China

Porcine reproductive and respiratory syndrome virus (PRRSV) has been mainly responsible 
for the heavy economic losses in many swine-producing regions. Current vaccination 
strategies and antiviral drugs provide only a limited protection. It is needed to develop a new 
antiviral strategy. Here, we firstly constructed two recombinant adenoviruses expressing 
short-hairpin RNAs (shRNAs) directed against ORF1b of PRRSV SY0608 strain and 
determined the inhibition of PRRSV replication. The results showed that pretreatment 
with these shRNAs by recombinant adenovirus into Marc-145 cells could induce a 
significant inhibition of viral RNA and protein level in cells infected with PRRSV S1 strains 
subsequently. And one recombinant adenovirus rAd-P2 could effectively inhibit PRRSV 
SY0608 strains with high virulence replication in Marc145 cells and porcine alveolar 
macrophages in both protein and ORF1b mRNA level. The antiviral effect was dose-
dependent and could sustain at least for 96 h. Moreover, delivery of shRNA significantly 
reduced the susceptibility of swine to PRRSV SY0608 infection. The viral load of PRRSV 
in serum and lung tissue of swine could be effectively suppressed by rAd-P2. Onset of 
clinical signs was delayed by at least 3 days, and two of five pigs inoculated with rAd-P2 
were protected clinically. The lung pathological lesion in pigs inoculated rAd-P2 were clearly 
lower than those in rAd-mP2 negative and PRRSV control. These results indicated that 
shRNAs mediated by the adenovirus could sufficiently inhibit PRRSV infection in vitro as 
well as in vivo. The adenovirus based shRNA targeting ORF1b of PRRSV might be a new 
potential alternative strategy for controlling PRRSV infection.
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GENETIC VARIATION AND RECOMBINATION 

ANALYZES OF PORCINE REPRODUCTIVE AND 
RESPIRATORY SYNDROME VIRUS ISOLATES 

FROM CHINA FROM 2002 TO 2007  
BASED ON ORF5

Yufeng Li, Xinglong Wang, Ping Jiang*, Xiaofeng Wang, Wen Chen,  
Xianwei Wang, Ke Wei Wang

 Key Laboratory of Animal Disease Diagnostic and Immunology, Ministry of Agriculture, 
College of Veterinary Medicine, Nanjing Agricultural University, Nanjing210095, China

Abstract: Porcine reproductive and respiratory syndrome virus isolates from 7 provinces 
of China were used to compare the envelope glycoprotein gene (ORF5) and deduced 
amino acid sequence. All 34 isolates are 603nt in length and encode 200 amino acids. 
ORF5 gene sequences of these 34 isolates were compared with Chinese isolates S1, CH-
1a, HB-1, HB-2 and JXA1. The results showed that all 34 PRRSV isolates were clustered 
within North American genotype and formed two sub-groups in phylogenetic tree. The 23 
highly variable isolates all belonged to sub-group 1. Nucleotide sequence analysis showed 
that ZJJ07 was a recombinant from conventional and highly variable PRRSV isolates. The 
isolate SH02 which had 98.8% identity to the highly pathogenic PRRSV isolate JAX-1, 
emerged in Shanghai city in 2002. Amino acid alignment analysis showed that 2 and 3 
N-linked glycosylation modes were observed in subgroup 2 and subgroup 1, respectively. 
The numbers of NGS upstream of neutralization epitope in subgroup 2 decreased in recent 
years. In subgroup 1, PRRSV isolates harbored more NGS upstream of neutralization 
epitope or abolished NGS at N44. These results suggested that there are two subgroups of 
PRRSV co-existed in China and potential NGS variation mainly distributed between N26 
and N39 and at position N44 of GP5. The recently emerged highly variable PRRSV strain 
and its widely spread in China might have existed in China since 2002. Interestingly, in 
recent years the recombination of ORF5 has appeared between the different PRRSV isolates 
in the field.
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ENHANCEMENT OF IN VITRO REPLICATION 

EFFICIENCY OF PORCINE REPRODUCTIVE AND 
RESPIRATORY SYNDROME VIRUS (PRRSV) IN 

MARC-145 CELL LINE

Raymond Kin-Hi Hui1*, Charis May-Ngor Chan1, Lina Tik-Wun Wong1 and Frederick Chi-
Ching Leung1.

1 School of Biological Sciences, The University of Hong Kong, Hong Kong SAR, China

Abstract: Porcine Reproductive and Respiratory Syndrome (PRRS) is one of the most 
serious problems in the global porcine agricultural industry.  Although several PRRS 
vaccines, including both modified Lelystad virus and killed virus, are currently available in 
the market, the efficacy of these vaccines is mainly based on the genetically diverged field 
strains of PRRSV and do not confer full protection against a virulent heterologous strain. 
Specific vaccine against designated strains maybe a solution, but it is found that some 
strains of PRRSV isolated from field fail to propagate in cell culture making the vaccine 
production difficult. In this project, a PRRSV-susceptible cell-line derived from African 
green monkey kidney cell, MARC-145, was modified to enhance the susceptibility to 
various strains of PRRSV. Sialoadhesin (CD169) is a lectin-like receptor and is restrictedly 
expressed in subsets of tissue and inflammatory macrophages. It has been reported that 
sialoadhesin mediates endocytosis and internalization of bound PRRSV particle into 
porcine alveolar macrophage (PAM). Transcript of sialoadhesin was isolated from the 
porcine alveolar macrophage and a 5.4kb DNA fragment was obtained by RT-PCR. 
The fragment was cloned into expression vector to form a pcDNA3.1-sialo expression 
construct. Wild-type MARC-145 cells were then transfected with the construct and 
extrinsic sialoadhesin expression was detected with real-time RT-PCR assay. Both EU and 
NA PRRSV strains were inoculated into modified MARC-145, wild-type MARC-145 and 
MARC-145 transfected with vector only. Specific real-time PCR for ORF5 reveals that 
the expression of extrinsic sialoadhesin did not enhance the virus replication rate of both 
PRRSV strains. The reason may be due to that both virus strains used in the experiment 
already have adapted to the wild-type MARC-145 cells, therefore these viruses are able 
to replicate efficiently and grow well in the MARC-145 cells. In addition, it is possible 
that these strains use the intrinsic putative PRRSV receptor in the MARC-145 cells may 
hampered the proposed enhancing effect of the extrinsic sialoadhesin leading to no 
observed significant increase in the rate of replication. In order to further characterize 
the function of this extrinsic sialoadhesin, virus strains that replicate poorly in the wild-
type MARC-145 should be isolated and screened for this experiment. Nevertheless, this 
approach may take advantages from both PAM and MARC-145 cells and provides an 
alternative method of continuous in vitro PRRSV propagation.
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DELETIONS IN NSP2 GENE OF PORCINE 

REPRODUCTIVE AND RESPIRATORY  
SYNDROME VIRUS (PRRSV) GENOME  

– A RESULT OF CO-INFECTION EVENT?
Raymond Kin-Hi Hui1*, Lina Tik-Wun Wong1, and Kimberly Xuan Wang1, and Frederick 

Chi-Ching Leung1.
1 School of Biological Sciences, The University of Hong Kong, Hong Kong SAR, China

Porcine reproductive and respiratory syndrome is one of the most economically important 
diseases in global swine industry. A large-scale outbreak of an unknown porcine disease 
associated with high fever symptom emerged in mainland China from mid 2006 to early 2007. 
The disease spread over 10 provinces in China and affected 2,000,000 pigs with about 400,000 
fatalities causing a huge loss in the agricultural sector. Recent study has reported that the 
causative agent for this disease outbreak is probably a mutant strain of PRRSV. A discontinuous 
deletion of 30 amino acids (Daa482, 534-562) in the non-structural protein (nsp2) was 
identified as a unique hallmark that co-related to the high-fever disease. Although the exact 
relationship between these deletions and the pathogenicity of the virus has not yet been clarified, 
the occurrence of such mutation in the nsp2 gene may act as a disease marker for the high 
fever syndrome. In Hong Kong, PRRS is a common porcine disease. Sequence analysis on the 
samples previously isolated from local pig farms reveals that deletion in the nsp2 gene is not a 
rare event. Different deletion patterns were identified including Daa482; Daa470-519; Daa483-
487 and Daa328-453, 483-487. Two clusters are observed in phylogenetic analysis according to 
the nsp2 sequences. Cluster A includes deletion mutant Daa483-487 and Daa328-453, 483-487 
showing high homology to the deletion mutants from Minnesota. While Cluster B comprises 
Daa482 and Daa470-519 mutants which are highly similar to those isolated in the China high 
fever syndrome.  Among these mutants, Daa483-487 and Daa482 are probably the ancestors 
for Daa328-453, 483-487 and China high fever disease mutant respectively. Nevertheless, 
factors leading into these specific mutations are not clearly investigated. Our previous study 
demonstrated that co-infections of North American type (NA) PRRSV with porcine cirocovirus 
2 (PCV2) and/ or European type (EU) PRRSV are a common event in local pig farms. We 
hypothesize that co-infection with these viruses may exert influence on NA PRRSV replication 
process in the host. In the occasion that two viruses replicate simultaneously in a host cell, 
both viruses may act as a selective pressure to each other, and resulting in the change on 
replication efficiency and virulence of the progenies. In this project, we co-inoculate both viruses 
simultaneously into porcine alveolar macrophage. The cells will be inoculated with Daa483-487 
or Daa482 mutant strains together with PCV2 or EU PRRSV at m.o.i of 0.1, 0.5 and 1.0 of each 
virus. The cells and medium will be harvested from each well 96 hours post-inoculation (hpi). 
Full length sequence of the NA PRRSV mutants will then be obtained and the sequence will be 
compared to their progenies. We hypothesize that upon this co-infection event, PCV2 and EU 
PRRSV may exert selective pressure on NA PRRSV, and hence trigger specific deletion on nsp2 
gene. The results from these experiments will provide insight on the origin of the causative agent 
in China high-fever disease outbreak, and also verify the possible factors leading into the NA 
PRRSV genome variation.
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EPIDEMIOLOGY OF A NEW PRRS VIRUS 

OUTBREAK AND IMPLICATIONS FOR SUSTAINED 
CONTROL AND ELIMINATION

Paul Yeske1, Robert Morrison2 and Michael Murtaugh*2

 1Swine Vet Center, St. Peter, MN 56082 and 2University of Minnesota, St. Paul, MN.

	 A new PRRSV strain with an RFLP of 1-18-2 was discovered in the spring of 2007 in 
the north central region of the USA causing severe outbreaks in finishing and sow herds. 
By the end of 2007 it had wreaked havoc, with extended episodes of 100% preweaning 
mortality, 10-20% sow mortality, and 50% death loss in finishers. The virus strain was 
novel and complete genome sequencing showed it was unrelated to the high pathogenicity 
PRRSV that swept through China one year earlier. Data collected by a collaborative groups 
of producers, veterinarians, and scientists revealed extensive epidemiologic details about its 
clinical signs, spread, pathogenicity, and genetics. Key conclusions included 

understanding pig flow and movement was essential to understanding virus 1.	
movement through the region, 

piglet monitoring, molecular diagnostics, and PRRSV sequencing revealed virus 2.	
movement that otherwise would have gone undetected, 

the virus spread through movement of infected pigs and by aerosol, 3.	

new infections in sow farms continued to increase the number of infected 4.	
pigs moving into the population and regions, thus compounding the disease 
problem, and 

open communication among producers, veterinarians and scientists was critical 5.	
to an effective, coordinated and rapid response. 

The widespread outbreak demonstrated the importance of sustained monitoring and 
surveillance even with effective methods for PRRSV elimination and exclusion in hand. 
Recent studies show that herd closure completely eliminates PRRSV from the local 
environment, thus establishing the heretofore unappreciated effectiveness of the porcine 
immune response against PRRSV, and that biosecurity procedures and air filtration can 
provide sustained prevention of new outbreaks. Freedom from PRRS will require eternal 
vigilance as long as elimination of the virus from herds is the goal. Importantly, field 
experiences provide fresh evidence that tools for control and prevention of PRRS exist. All 
of this evidence shows that the swine industry is acquiring the abilities and tools to gain the 
upper hand in the battle with PRRS, to turn the tide, and eventually achieve control and 
elimination.
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ATTEMPT TO ACHIEVE BROADER  

CROSS-PROTECTION AMONG PRRS VIRUSES 
BY VACCINATION: USE OF CHIMERIC MUTANT 

CONTAINING MIXED STRUCTURAL GENES  
OF TWO DIFFERENT PRRS VIRUSES

D. Sun, W.-I. Kim, Y.-I. Cho, K. J. Yoon
  College of Veterinary Medicine, Iowa State University, Ames, Iowa

Suboptimal cross-protection between heterogeneous PRRS viruses is a strong obstacle to 
effective control of the disease by vaccination. GP5 is known to play a major role in the 
induction of anti-PRRS virus neutralizing antibody. Our recent study has demonstrated 
that GP3 and M protein also significantly contribute to cross-neutralization between 
different PRRS viruses.  Interestingly, GP3 was more critical than GP5 or M in overall virus 
neutralization against a strain like VR2332 whose GP5 is highly glycosylated. Therefore, 
it was hypothesized that a chimeric virus of 2 distinctive PRRS viruses can confer better 
cross-protection against those viruses if necessary genes from the 2 viruses are put 
together in a structured manner based on their prime role in virus neutralization. To test 
the hypothesis, 3 chimeric viruses designated as JAP5, JAP56 and JAP2-6 respectively 
were generated from the VR2332 infectious cDNA clone by replacing its ORF5, ORFs 5 
and 6 or ORFs 2-6 with that/those of the JA142 strain that is genetically and antigenically 
distinct from the VR2332 strain. A total of 114, 3-week-old pigs were divided into 6 
groups and each group was inoculated with one of the chimeric viruses, VR2332, JA142, 
or sham inoculum. At 44 days post inoculation (dpi), 8 pigs each within each group were 
randomly selected, housed separately and challenged intranasally with VR2332, JA142, 
or sham inoculum to determine if protective immunity was conferred by inoculation of 
the chimeric viruses. All pigs were bled periodically until 72 dpi and tested for viremia 
and antibody response. Half of the pigs in each room were necropsied at 14 days after the 
challenge and the remaining at 28 days for pathological evaluation. The prior inoculation 
with JAP5 or JAP56 effectively protected the pigs from the challenge with VR2332 while 
the pigs inoculated with JAP56 or JAP2-6 demonstrated excellent protection against JA142 
infection, suggesting that use of such a chimeric virus (e.g., JAP56) as vaccine may induce 
broad cross-protection against distinct PRRS viruses.
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VIRAL RECOMBINATION AMONG FIELD 

ISOLATES OF PRRSV TYPE 2 – IMPLICATIONS 
FOR MOLECULAR EPIDEMIOLOGY?

S.-H. Cha1, K.S. Dorman2, W.-I. Kim1, K.J. Yoon1

 Departments of 1Veterinary Diagnostic and Production Animal Medicine and 2Genetics, 
Development and Cell Biology, Iowa State University, Ames, Iowa.

Experimental infection of pigs with 2 distinct PRRS viruses has demonstrated the 
occurrence of recombinants; however, the occurrence of recombination among PRRS 
viruses in the field is far less known.  To assess the prevalence and properties of PRRSV 
recombination in field infections, the structural proteins (ORFs 2 to 7) of 42 PRRSV field 
isolates and 2 vaccine strains (MLV, ATP) were studied for recombination.  Four isolates 
(VR2332, JA142, SDSU73 and MN184) were chosen as reference strains because of their 
chronological and genetic divergence.  The phylogenetic position of the remaining 38 
isolates relative to the 4 reference strains was determined and used to detect recombination.  
Recombinant viruses were identified as those strains with unstable phylogenetic 
relationships along the genome.  Seventeen out of the 38 tested viruses (44.7%) showed 
incongruent branching patterns among the structural proteins, strongly suggesting 
pervasive genetic shuffling in these viruses.  A fine-scale analysis revealed that cross-over 
sites were observed throughout the structural protein genes although ORFs 2, 4, 5 and 
7 seemed to experience a higher frequency of recombination than the non-overlapping 
portion of ORF3 and ORF6.  Recombination appears to be a major mechanism for creating 
diversity among PRRS viruses in the field and may impact molecular epidemiology based 
on single gene sequence, control strategies and the design of vaccine.
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POTENTIAL FOR USE OF AN INTEGRATED SWINE 
SURVEILLANCE MODEL FOR EPIDEMIOLOGICAL 

ANALYSIS AND AREA PREVALENCE DOCUMENTATION 
OF PRRS INFECTION IN THE UNITED STATES

John A. Korslund DVM1*, Aaron Scott DVM1, David Pyburn DVM1, Patrick Webb DVM2, 
James McKean DVM JD3.  1United States Department of Agriculture, Animal and Plant 

Health Inspection Service, Veterinary Services, Fort Collins CO and Des Moines IA.  
2National Pork Board Des Moines Iowa.   3Iowa State University Ames Iowa.

Porcine Respiratory and Reproductive Syndrome (PRRS) is a highly prevalent endemic swine disease in 
the commercial swine population in the U.S.  PRRS area status is dynamic over time, requiring multiple 
testing as control and elimination programs are undertaken.  The industry currently lacks a robust cost-
effective method for repeated assessment of area PRRS status. Meanwhile the U.S. regulatory and foreign 
animal disease surveillance structure is evolving from a disease-based random model to a more flexible 
risk-based sampling format.  USDA - Animal and Plant Health Inspection Service (APHIS) –Veterinary 
Services (VS) has proposed (with swine industry endorsement) a more integrated regulatory surveillance 
model. This concept includes using National Premises Identification standards as a tool for targeting 
national program disease and foreign animal disease (FAD) surveillance activities. The recently-revised 
PRV Surveillance Plan developed by the National Surveillance Unit of Veterinary Services requires that 
swine premises identification be presented with delivery of swine for slaughter.  This will allow program 
managers to develop slaughter-based sampling schemes that target higher-risk herds for surveillance, 
based upon proximity to unregulated swine populations (feral and backyard swine).  Full development 
and maintenance of a temporal and geographically-based database would allow producers and their 
veterinarians to assess area-based PRRS serological status over time.  While there are limitations to this 
approach, it does offer the opportunity to assess risk of area spread and success (or failure) of area-based 
intervention strategies without repeated cost-prohibitive premises-based testing schemes. Another 
opportunity for area PRRS assessment is temporal and geographically-based collection of PRRS sequencing 
information, currently conducted independently by diagnostic laboratories, but lacking in epidemiological 
insight due to incomplete information collection, aggregation and analysis.  The VS Classical Swine Fever 
Surveillance Program currently leans heavily upon PCR assays performed on targeted tonsil samples 
presented to participating diagnostic laboratories.  This cooperative effort could voluntarily be extended 
to PRRS data collection and analysis.  If individual producers and their veterinarians would choose 
to provide standardized premises identification, case data, and sequencing information to a common 
industry-controlled database, robust PRRS epidemiological data could be aggregated on a cooperative 
basis for collective analysis by cooperators and other parties granted access to the data. Development and 
successful implementation of these epidemiological tools will require producer and industry support.  Use 
of the USDA-generated premises identification system is necessary for surveillance success for regulatory 
programs; however such activity in PRRS surveillance will not necessarily lead to a broad Federal PRRS 
eradication program.  Prior Federal eradication programs have required demonstrated broad industry 
support prior to regulatory action.  PRRS eradication or control program decision-making will be no 
different.  Furthermore, a national eradication effort is extremely premature until regulatory and industry 
policymakers better understand both PRRS prevalence and associated risks for spread.  Prospective 
surveillance programs as outlined here are potential epidemiological tools for assessing prospects for PRRS 
control or elimination, first on a voluntary local basis.  Decision-making beyond that awaits further results 
and wide-ranging discussions by all stakeholders. The swine industry should determine if the benefits of 
cooperative PRRS surveillance activities outweigh the costs and perceived risks of limited disclosure of 
proprietary data.  PRRS surveillance activities provide an opportunity to gain added immediate industry 
value from ongoing development of a national surveillance system that is crucial in detection, response, 
recovery, and certifying freedom following a potential FAD outbreak.
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GENOTYPE SPECIFIC DIAGNOSIS OF PORCINE 

REPRODUCTIVE AND RESPIRATORY SYNDROME 
VIRUS (PRRSV) BY SEROLOGY

L.E.Larsen1*, C.K.Hjulsager1 and A.Bøtner2

 1National Veterinary Institute, the Technical University of Denmark, Bulowsvej 27, 
1790 Copenhagen, Denmark. 2National Veterinary Institute, the Technical University of 

Denmark, Lindholm, 4771 Kalvehave, Denmark.

Introduction: In Denmark, 60-70% of the swine herds are infected by PRRSV. Both the US 
and the EU types are circulating. Approximately half of the infected herds are infected by 
the US type and half with the EU types, however, some herds are infected with both types. 
There is an intensive trade of piglets, gilts etc. among the Danish herds and the majority of 
the herds have a declared health status based on regularly serological screenings.

Methods: Two serological tests were developed: an IPMA (immunoperoxidase monolayer 
assay) and a blocking ELISA (Nielsen et al., 2002). Both tests are performed as double tests 
using a Danish PRRSV isolate and the vaccine strain VR2332 (US type) in parallel.
For the blocking ELISA, the ratio of positive samples are calculated as:  
Ratio: OD % ELISA-DK divided by OD % ELISA-US. 
If the ratio is below 1 the pig is assessed as being infected by the DK/EU type. If the ratio is 
above 2 the pig is assessed as being infected by the US type PRRSV. Ratios between 1 and 2 
may indicate a mixed infection 

For the IPMA, the samples are tested in four different dilutions 1:50, 1:250, 1:1250, 1:6250 in 
both the EU and the US based test and the result scored are the highest dilution that give a 
positive reaction. If the IPMA/EU > IPMA/US the pig is regarded infected with the EU type 
PRRSV and if the IPMA/US > IPMA/EU the pig is regarded as infected by the US type PRRSV. 

Results and Discussion: The diagnostic strategy was tested in several herds with acute 
outbreaks of PRRSV EU, PRRSV US type and herds infected by both types with very 
reliable results. It should be emphasised, however, that even though the ratios are calculated 
for each individual sample/pig, the strategy is not suitable for subtype specific diagnosis 
on individual pigs but is applicable for herd diagnosis. The herd diagnosis should be based 
on samples from at least 10 animals from each herd and preferable from pigs representing 
different age groups.

References: J. Nielsen, A. Bøtner, V. Bille-Hansen, M. B. Oleksiewicz and T. Storgaard. 
2002. Experimental inoculation of late term pregnant sows with a field isolate of porcine 
reproductive and respiratory syndrome vaccine-derived virus. Veterinary Microbiology, 84, 
1-2, 1-13
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STRUCTURE AND FUNCTION OF PRRSV 

NONSTRUCTURAL PROTEINS:  
WHERE ARE WE AT?

 
Y. Fang*

 Center for Infectious Disease Research and Vaccinology, Veterinary Science Department, 
South Dakota State University, Brookings, SD.

The PRRSV replicase-associated genes, ORF1a and ORF1b, represent nearly 75% of the 
viral genome.  Based on studies of equine arteritis virus, the PRRSV ORF1a and ORF1b 
encoded polyproteins are predicted to be cleaved into 13 nonstructural protein (nsp) 
products, nsp1α, nsp1β, and nsp2 to nsp12.  The nsp products derived from the ORF1a 
region possess proteolytic activities and are responsible for processing the other nsp 
cleavage products.  The nsp products derived from the ORF1b region possess replicase-
related activities.  These PRRSV nsps are predicted to assemble into a membrane-associated 
viral replication complex, which mediates both genome replication and transcription of a 
nested set of subgenomic mRNAs.  Using a panel of PRRSV nsp specific antibodies, we have 
identified nsp1α, nsp1β, nsp2, nsp4, nsp7, nsp8 and nsp10 in virus infected cell cultures. 
Besides their crucial roles in viral replication, recent studies from our laboratory and 
others suggested that some of the PRRSV nsps also contribute to modulate host immunity.  
The nsp1, nsp2, nsp4, and nsp11 were identified to down-regulate IFN-β activities, and 
the nsp2 cysteine protease was determined to be involved in inhibition of the Ub- and 
ISG15-dependent innate immune responses.  In addition, our results demonstrated that 
pigs mounted significant antibody response to nsp1 and nsp2, and deletion of certain 
B-cell epitopes on nsp2 was shown to have potential effect on the host innate and 
cellular immunity.  Furthermore, areas in nsp2 with natural deletions and amino acid 
hypervariability localize to regions that are predicted to be immunologically important.  
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LONGITUDINAL SURVEILLANCE OF PRRSV GP5 

SEQUENCES IN FIVE JAPANESE FARMS
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 1Research Team for Viral Diseases, National Institute of Animal Health, 2Summit 
Veterinary Service, 3Value Farm Consulting, Japan.

In order to understand the genetic changes and heterogeneity of PRRSV for over a year 
within herds, ORF5, which codes GP5 gene, sequences were studied in five PRRSV positive 
farms in Japan between 2006 summer and 2008 spring. We collected serum samples at 
least three times during the surveillance period from pigs in various production stages, 
and analyzed full GP5 gene sequences of PRRSV in the sera. A total of 91 strains were 
detected and all of them belonged to the North American genotype. Both vaccine-like and 
non-vaccine like strains were detected in three vaccine-administered farms. While, only 
non-vaccine like strains were detected in other two farms where the vaccine has never been 
used. Non-vaccine like strains from each farm showed 0-1.5% nucleotide differences at 
one sampling and the differences were extended to 0-5.5% during the surveillance period. 
Although it was obscure whether the expansion of differences were caused by natural 
mutation or entrance of new strains, no epidemic PRRS associated with these strains was 
observed.  Meanwhile, in one farm, an outbreak of abortion caused by PRRSV occurred in 
about 5% of non-vaccinated sows. In the farm, the vaccination for gilts was started 6 month 
before the outbreak, and the abortion strain showed 98.8% nucleotide identity with the 
vaccine strain. Together with other reports, the present results suggest that introduction of 
new strains and presence of subpopulations in immune status might be the key risk factors 
for PRRS outbreak. 
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REVERSE GENETICS IN THE DEVELOPMENT 

OF AN EFFECTIVE LIVE VACCINE AGAINST THE 
FELINE INFECTIOUS PERITONITIS CORONAVIRUS
 

B.J. Haijema, P. Schellen, H.F. Egberink and P.J.M. Rottier*
 Virology Division, Faculty of Veterinary Sciences, Utrecht University, the Netherlands.

Feline infectious peritonitis (FIP) is a fatal disease of cats caused by a coronavirus, the feline 
infectious peritonitis virus (FIPV), of which two serotypes (I and II) occur. Currently, the 
virus is the leading infectious cause of mortality in young cats in pedigree catteries and 
shelters. Because an effective vaccine is not available, our aim was to develop one. 

Using targeted RNA recombination we rationally designed attenuated viruses by deletion 
of genes implicated in viral virulence. We showed that oronasal vaccination with these 
deletion viruses can protect cats against FIP when challenged with homologous (i.e. 
serotype II) virulent FIPV. Using one of these vaccine candidates (FIPVD3abc) we 
subsequently observed excellent protection also upon challenge with serotype I FIPV, 
the predominant serotype in the field. This protection was unlikely to be mediated by 
antibodies as the sera from vaccinated animals did not neutralize serotype I FIPV in vitro. 
The observations are consistent with earlier indications that cellular rather than humoral 
immunity is essential for protection.

To further attenuate the vaccine and thereby improve its safety, the order of the structural 
protein genes in FIPVD3abc was rearranged. The resulting virus was viable and its 
protective capacity was unaltered. The vaccine candidate thus obtained is ready to be tested 
in the field and, if successful, to be prepared for the market.
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INACTIVATED PRRSV VACCINES

M. Vanhee*, I. Delrue, M. F. Geldhof, P. L. Delputte and H. J. Nauwynck 
Laboratory of Virology, Department of Virology, Parasitology and Immunology, Faculty of 

Veterinary Medicine, Ghent University, Merelbeke, Belgium

Porcine reproductive and respiratory syndrome virus (PRRSV) causes reproductive failure 
in sows and boars and is involved in the porcine respiratory disease complex, causing 
major economic losses to the swine industry.  Attenuated PRRSV vaccines are frequently 
used in the field, however there are concerns about their safety, and these vaccines only 
protect sufficiently against virus strains that are closely related to the vaccine virus strain.  
Inactivated vaccines on the other hand are safe, but the currently available killed PRRSV 
vaccines provide limited protection. Recently, a strategy was developed to select appropriate 
techniques for controled inactivation of PRRSV.  Based on this strategy, an experimental 
inactivated PRRSV vaccine was developed and its efficacy was evaluated in vivo in PRRSV-
negative piglets.  It was shown that vaccination with this vaccine induced virus-specific 
antibodies, and strongly primed the virus-neutralizing antibody response, in contrast to 
a commercial European-type PRRSV vaccine that neither induced, nor primed virus-
neutralizing antibodies.  In addition, vaccination with the experimental vaccine resulted 
in a stronger reduction of viremia after infection compared to the commercial inactivated 
vaccine.  This strategy offers new perspectives for the worldwide control of PRRS.
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APPLICATION OF MULTIPLEX MICROSPHERE 

IMMUNOASSAY TECHNIQUES TO THE 
DIAGNOSIS OF PRRSV AND OTHER INFECTIONS

S.J. Wong1*, R. Hesse2, and R. Rowland2

  1Div. of Infectious Diseases, Wadsworth Center, New York State Department of Health, 
Albany, NY.  2Department of Diagnostic Medicine and Pathobiology,  

College of Veterinary Medicine, Kansas State University, Manhattan, KS.

Current serological tests for PRRSV and PCV2 infections are ELISA-based and provide only 
an S/P ratio as the indicator of infection or vaccination. The next generation of tests will 
not only possess improved sensitivity and specificity, but will need to measure the response 
to immunorelevant markers, including those incorporated into vaccine compliance. We 
developed microsphere immunoassays to measure the porcine antibody response to 
recombinant PRRSV N, PRRSV NSP2 and PCV2 capsid proteins. In addition, we measured 
GFP antibodies in response to pigs experimentally infected with a PRRSV containing a 
GFP marker.  The approach was the application of the microsphere immunoassay (MIA). 
Assays were performed as a multiplex on a Luminex analyzer. A discussion of the results 
using samples from experimentally PRRSV-infected and PCV2 vaccinated pigs shows the 
utility of multiplex MIA in the development of a new generation of serological assays. The 
approach provides several distinct advantages, including 1) decreased cost for the detection 
of multiple analytes, 2) decreased time, and 3) a semiquantitative output without need 
for serial dilution of samples to an endpoint.  Suspension array technology incorporating 
pure recombinant proteins or polypeptides coupled to microspheres is ideally suited 
for the diagnosis of PRRSV infection, strain identification, immunologic herd profiling, 
monitoring of vaccine compliance, and for monitoring emerging swine viral diseases.
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PRRS DIAGNOSTICS: CURRENT AND FUTURE 

NEEDS FROM THE VETERINARIAN IN THE FIELD
Darwin L. Reicks, DVM, Swine Vet Center, P.A., St. Peter, MN • dreicks@swinevetcenter.com

Introduction: Looking back at my veterinary career of 14 ½ years, much of it parallels the topic and evolution of PRRS 
diagnostics.  Most of the intervention strategies veterinarians in the field have made in regards to PRRS control have 
been directly related to the ability to determine PRRS status on a farm in the first place.  This paper discusses where we 
are at today, what we should strive for in the future with PRRS and how this relates to other diseases.

Current use of PRRS Diagnostics. The following list demonstrates how we use PRRS diagnostics in the field 
as part of control or elimination strategies for PRRS virus

PRRS ELISA:1.	
To determine if pigs have been exposed to PRRS virus or vaccinea.	
As a backup to the PCR test for boar studs – in the event virus is missed by PCR.  This has b.	
happened several times in our practice

PRRS PCR:2.	
To detect presence of virusa.	

Daily for boar studsi.	
Weekly or monthly after an eradication plan on a sow farm. We consider a farm negative after ii.	
three consecutive monthly negative tests of a statistical sample.
Weekly or monthly on wean-finish sites with replacement gilts or boarsiii.	
Can be used for many sample types, but primarily serum, blood, and tissue.iv.	

PRRS IFA:3.	
As a backup for PRRS ELISA positive samples to gain more confidence in the likelihood of a a.	
false positive ELISA result

What we currently need:
Fewer false positive ELISA results.  1.	

This causes a great deal of anxiety and bottle-necking on a PRRS negative farm.  For most farms, we a.	
run PCR and IFA, and if both of these are negative, we declare the ELISA positive a “false positive”.  
This delays turn-around by a couple days.  If animals are waiting to move, which is often the case, 
trucks have to be re-scheduled.  There may be another delivery of animals coming which also needs 
to be delayed.  Scheduling trucks has already become more of a challenge due to increased sanitation 
protocols and this just adds more frustration to those involved in scheduling pig movements. 
For boar studs or nucleus farms, we will retest the animal and re-run PCR, ELISA, and IFA tests.  b.	
We often run an alternate PCR test as well.  This delays clearance from isolation as indicated 
above.   It also adds a lot of cost ($60-$70 per incident).

Quicker turn around time2.	
We currently have same day turn around time for PCR results for boar stud testing, which is a a.	
tremendous improvement from the past.  But, instantaneous should be the goal.  In the case of 
boar studs, an on-farm test result would allow semen to be shipped the day of collection so that 
all farms could use semen the same day or following morning.  Fresher semen generally will 
yield better production results.
Isolation clearance is probably a bigger issue, especially for movements from one site to another.  b.	
We want to move the animals immediately after we test them.  There have been occasions where 
animals were infected between testing and results, even with results the next day.
We don’t want to compromise sensitivity or specificityc.	

Allow us to pool more samples together- Pooling samples allows one to sample larger numbers at 3.	
the same cost.  While we understand that this decreases sensitivity on an individual animal basis, it 
greatly improves sensitivity on a population basis.  The main application here would be for large sow 
farms or wean-finish type sites.
Less cost in testing- This really doesn’t need an explanation but less cost allows for more testing and 4.	
greater sensitivity for PRRS negative farms.  PRRS virus spreads slowly in a farm, especially early in 
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the infection.  To get the sensitivity we need, a lot of money must be spent.

Future needs
On-farm tests as discussed above to decrease turn around time.  The assays must be consistent, 5.	
reliable, and cost effective.
Quick tests or color change tests such as for bacteria in the food industry which would tell us if PRRS 6.	
virus is there; yes or no? These would be useful to evaluate trailer sanitation or farm cleanup protocols.  
A standardized way to determine if a farm is being exposed to PRRS virus aerosol.  This would help 7.	
to evaluate the economic decision of whether to apply air filtration technology.
Faster turn around or incubation time on the test itself.  The ideal is the Swine Flu Directogen test.8.	
A way to determine if an animal has truly cleared the virus.  We currently utilize PCR and ELISA 9.	
tests today.  But an animal that is PCR negative and still ELISA positive is a common finding during 
an eradication process and we never really know for sure if virus has been completely cleared.  If 
there was a test to give us more confidence, we could shorten the closure time on some farms.
Mycoplasma10.	

We will often do a Mycoplasma hyopneumoniae eradication in conjunction with a PRRS a.	
eradication.   Determining when the farm is clear of Mycoplasma is more difficult than for 
PRRS.  All we really have to go by is the experiences of other veterinarians in the field. 
Ability to distinguish between vaccination antibody and antibody to an actual infection will be b.	
important.
Increased sensitivity for detecting a new infection.c.	

Porcine Circovirus type 2- A positive is difficult to interpret at this point in time.  The quantity of 11.	
virus in tissues or blood seems to be important.  As a result, improvements in the consistency of 
reporting quantitative PCR between labs is necessary.  Being able to distinguish vaccine antibodies 
from field exposure antibodies would also be of value.

Summary: PRRS diagnostics have come a long way.  The evolution of the PCR test and the willingness of 
diagnostic labs to provide same day results has been a tremendous value to those of us in the field.  We know 
how to eradicate PRRS or Mycoplasma from a farm.  Acquiring quicker farm-side tests and having the ability 
to sample larger numbers of animals at minimal cost would move us even further ahead with regional PRRS 
elimination programs.
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GLUTEX™ SANITIZERS: A FIRST LINE OF DEFENSE 

AGAINST PRRS IN SWINE BIOSECURITY
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A proper animal biosecurity sanitizer is critical in helping to establish a first line of defense 
in preventing animal pathogens from entering a farm facility. Strict biosecurity measures 
maintain a hygienic environment for animals; these measures include frequent cleaning 
and sanitization of animal living premises, farm equipment and vehicles, and biosecurity 
monitoring of employees and visitors. 
If infection does occur, the application of a sanitizer/disinfectant would serve as a 
remediation procedure, along with quarantine measures, to prevent the pathogen from 
further propagation.  Since Porcine Reproductive and Respiratory Syndrome (PRRS) is an 
endemic disease and its main transmission is through the contact of bodily fluids and feces 
of infected animals, a high-quality animal hygiene and biosecurity process is essential for 
effective control of the disease. 
GLUTEX™ Sanitizers from Dow Biocides are specially formulated glutaraldehyde-based 
products with broad-spectrum antimicrobial activity against a wide variety of bacteria, 
fungus and viruses, including PRRS. GLUTEX GS2 products contain a non-ionic surfactant 
that helps to increase cellular penetration and minimize corrosion of vehicle and farm 
equipment. GLUTEX GQ1 contains an efficacy-enhancing second active ingredient to 
further boost the effectiveness of glutaraldehyde. The efficacies of the GLUTEX product 
line against bacterial, fungal and viral pathogens was assessed in accordance to GLP testing 
protocol for non-food-contact surfaces and have fully met the effectiveness requirements by 
the Environmental Protection Agency (EPA) for the Sanitizer category1.  
Laboratory evaluations were conducted to measure the efficacy of GLUTEX GS2 against 
the PRRS virus using the hard-surface testing method and in the presence of 2400 ppm of 
synthetic hard water (AOAC method 4.024, 1984).Complete inactivation of the virus titer 
at 106 was achieved with 1000 ppm of GLUTEX GS2 (Active Ingredient) and a contact 
time of 5 min, and with 500 ppm GLUTEX GS2 and a contact time of 10 min. In addition, 
GLUTEX GS2 shows very low corrosion rates in lab tests which make it suitable for use in 
the sanitization of vehicle and farm equipment. 
A field trial of GLUTEX GS2 at a large swine farm was also conducted.  The results 
demonstrated that GLUTEX GS2 was an effective sanitizing agent and reduced the overall 
bacterial pathogens presented in the nursery and farrowing areas by 60 percent. A lower 
bacterial pathogen level means less chance for infected animals to contract a secondary bacterial 
infection; a secondary bacterial infection significantly increases the chance of mortality.  
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THE PHGC DATABASE: MANAGEMENT OF 

LARGE DATA SETS

Eric Fritz1, Zhi-Liang Hu1, Joan Lunney2, and James Reecy1

1 Department of Animal Science, Iowa State University, Ames, IA 50011-3150. 2 APDL, 
ANRI, BARC, ARS, USDA, Beltsville Maryland 20705-2350

In any consortium project where large amounts of phenotypic and genotypic data are 
collected across several research labs, issues arise with maintenance and analysis of datasets. 
The PRRS Host Genomic Consortium (PHGC) Database was developed to meet this need 
for the PRRS research community.  The schema for the database was originally designed 
based on data sets generated from the PRRS virus “Big Pig” project.  The database was 
designed to allow for the addition of new data types as they are generated over the course of 
the project.  This flexibility will allow us to house and manage all of the PHGC project data.  
Furthermore, use of a centralized database will allow us to control access to the data.  For 
example, data could be made available to the general public, restricted to only consortium 
members, or even to just a couple consortium members.  A centralized database will also 
allow us to build quality control (QC) filters and procedures into the data flow more easily. 
Overall, the PHGC database will allow us to properly manage large datasets and affords us 
new possibilities of exploration of the data.
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WORLDWIDE RESEARCH EFFORTS TOWARDS 

A BROADLY PROTECTIVE, EFFECTIVE VACCINE 
AGAINST PRRSV

Fernando A Osorio
 Nebraska Center for Virology & Department of Veterinary & Biomedical Sciences, 

University of Nebraska-Lincoln, USA.

Having elapsed more than fourteen years since the first applications of PRRSV vaccines 
in the field, significant challenges for improvement of these immunogens still remain. 
Our current knowledge on the basic mechanisms for PRRSV protective immunity 
is fragmentary. A significant degree of genetic diversity amongst the PRRSV strains 
circulating in the field exists. Likewise, a clear definition of what is meant by effective 
heterologous protection amongst PRRSV strains is still lacking. The veterinary biologics 
industry seems to remain hostage of intellectual property restrictions and litigations, a 
serious situation that appears to have led to a stagnation point on the R & D road of new 
commercial products. 

My presentation at this 2008 PRRSV International Symposium will review projects that are 
being carried out worldwide under the notion that a better, more effective vaccine against 
PRRSV is an achievable goal. 

It is well accepted by now that the establishment of an efficacious immunologic memory 
specific against PRRSV will require mechanisms of antigen presentation that would mimic 
those used by the wild-type live PRRSV itself. In that respect the main avenues followed by 
different laboratories seeking the development of new generation vaccines  X PRRSV are 
varied , although centered around two principal, alternative principles: 1) use of viral vectors 
that would replicate in vivo and would present PRRSV antigens to the immune system just 
like live PRRSV does. This progressive approach still awaits for more clear information 
on the complete set of immunogenic structural subunits that should be required for the 
establishment of an effective protective immunity, 2) the use of reverse genetic technology 
( infectious clones) for the improvement of the current MLV vaccines or the de novo 
development of live vaccines that would be rationally attenuated  and endowed with a capacity 
to differentiate infected from vaccinated animals ( i.e. fulfilling DIVA principles). Above 
and beyond of the method(s) that eventually prove(s) to be successful in reaching effective 
homologous protection, an additional challenge in all cases is represented by the need of 
defining the number of valencies or specificities that should be used in the formulation of the 
novel vaccines in order to ensure broad protection against PRRSV infection. 
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TRANSCRIPTIONAL PROFILE OF PORCINE 

PLASMACYTOID DENDRITIC CELLS EXPOSED 
TO PRRS VIRUS

G. Calzada-Nova, W. Schnitzlein, H. Dawson, R. Husmann, F. A. Zuckermann
 Department of Pathobiology, University of Illinois at Urbana-Champaign, Urbana, IL. Diet, 

Genomics and Immunology Laboratory, USDA ARS, Beltsville, MD.

Plasmacytoid dendritic cells (PDC) are the main line of innate immune defense against viral 
infections.  Given the apparently inadequate innate and adaptive immune response elicited 
by PRRS virus, we have proposed that PRRS virus posses strategies to circumvent the host 
immune response during virus infection.  The goal of this study was ascertain the extent 
immune evasion used by PRRS virus, by performing transcriptional analyses, by real-time RT 
PCR, of pure populations of PDCs isolated from the blood of PRRS infected and uninfected 
swine and subsequently exposed to either PRRS virus or, as a positive control, exposed to the 
porcine coronavirus, transmissible gastroenteritis virus (TGEV).  These analyses revealed that 
PRRS virus fails to elicit a significant (>2 fold) increase in the transcription of immune-related 
genes in PDC isolated from PRRS uninfected pigs which, in contrast were activated by TGEV, 
including, IFN-alpha (>20,000 fold), IFN-beta (>250 fold), IRF3 (>4 fold), IRF7 (>6 fold), 
IRF9 (>3 fold), MYD88 (>6 fold), STAT1 and STAT2 (>7 fold), CD86 (>3 fold), MX1 (>17 
fold), SOCS1 (>6 fold), RIG1 (>14 fold).  Moreover, exposure of PDC to PRRS virus along 
with TGEV significantly decreased the transcriptional response to the latter.  The significance 
of these findings was validated by the observation that PDCs isolated from the blood of 
swine 6 days after infection with PRRS virus exhibited a significant decrease in their ability 
transcribe several of these genes upon exposure to TGEV as compared to the response of 
PDCs isolated from the blood of the same pig 6 days earlier.  Together, these results reveal that 
PRRS virus not only fails to stimulate the transcription of several genes normally expressed by 
PDC in response to their exposure to microbial products, but that it is also capable of actively 
inhibiting the transcriptional response of these cells to other stimuli.  Our results show that 
this inhibitory effect can occur as a result of the exposure of porcine PDCs to PRRS virus both 
in vitro and in vivo.



2008 International PRRS Symposium • 95

327 
EFFECTS OF HERBAL SUPPLEMENT MACH 

ON IMMUNITY AND WEIGHT GAIN IN WEANING 
PIGLETS

K. Hasegawa1, S. Yoshida1, K. Utsumi2, N. Nakanishi2.
1Original Image Co., Ltd., Yokohama, Kanagawa; 2Kyodoken Institute, Kyoto, Japan

Weaning is one of the most stressful experiences for piglets. Macrophage destruction and 
hence weakened immune responses by exposure to PRRSV pose a significant risk to piglets 
at this age, with severe complications of respiratory problems and secondary infection. 
Therefore, the purpose of this study was to enhance immunity in immunologically 
immature postweaning piglets using an herbal supplement, which is commercially available 
in Japan. This supplement, called Macrophage Activating Chinese Herbs (MACH), which 
contains 4 kinds of interferon-inducing herbs, was given to piglets for 3 days immediately 
after weaning at 0 (controls), 0.05, 0.1, 0.2 or 0.4% in feed, and the phagocytic activity 
of peripheral blood monocytes and weight gain were examined on Days 0, 3, 7 and 14. 
Monocyte phagocytic activity, i.e., the mean number of ingested latex beads (phagocytic 
number) and the mean percentage of cells that engulfed latex beads (phagocytic rate), was 
determined by a latex phagocytosis test. In control piglets, monocyte phagocytic activity 
decreased over time, while that of MACH-fed piglets increased. Statistical analysis revealed 
that piglets fed with 0.2% MACH showed a significantly higher phagocytic number on 
Day 7 and a significantly higher phagocytic rate on Day 14 compared to controls. The body 
weight increased over time in all groups fed with MACH, and its increase was significant 
especially in 0.2% and 0.4% groups. Thus, we found that MACH improved monocyte 
phagocytic activity and weight gain in postweaning piglets. These results suggest that this 
supplement has a significant potential to prevent the onset of PRRS symptoms and to 
reduce the severity of disease by enhancing immunity. 
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EXPRESSION OF ENHANCED GREEN 
FLUORESCENT PROTEIN (EGFP) IN 

NONSTRUCTURAL PROTEIN 2 (NSP2) OF PRRSV 
SHOWS LOSS OF FLUORESCENCE WITHOUT 

AFFECTING EGFP IMMUNOGENICITY.

Trible, B1, JG Calvert 2 and RRR Rowland1

  1Dept. of Diagnostic Medicine/Pathobiology, College of Veterinary Medicine,  
Kansas State University; 2Pfizer Animal Health, Kalamazoo, MI

Using reverse genetics and a North American PRRSV infectious cDNA clone, we 
constructed an infectious PRRS virus that contained a 132 amino acid deletion in nsp2, 
located between amino acids 628-759.  The deleted region was replaced with EGFP 
(266 amino acids).  EGFP expression in PRRSV-EGFP infected MARC-145 cells was 
predominately perinuclear, consistent with the distribution of nsp2 during PRRSV 
infection.  In studies conducted under the approval of the Institutional Animal Care 
Committee of Kansas State University, the EGFP virus productively infected pigs.  Virus 
isolates were recovered from 17 of the 20 infected pigs, and these were generally negative 
for GFP fluorescence.  Only one of the 17 isolate showed evidence of fluorescence, which 
was limited to a small number of foci on infected MARC-145 monolayers.  However, 
infected cells were positive for EGFP when stained with anti-GFP antibody, and a robust 
anti-GFP response was detected in PRRSV-EGFP infected pigs.  PCR amplification 
using primers flanking the EGFP insertion showed the presence of intact EGFP in 15 of 
the 17 isolates.  Sequencing identified point mutations at amino acids 66 (Tyr) and 96 
(Arg) of EGFP.  Fluorescence becomes active after the post-translational formation of an 
imidazolidinone ring by Tyr-66 and Gly-67 followed by the auto-oxidation of Tyr-66.  Arg-
96 forms a hydrogen bond with the carbonyl group of the imidazolidinone ring; thereby, 
facilitating the formation of the ring structure.  The results from this study demonstrate that 
nsp2 can stably express heterologous proteins for incorporation as markers of infection.  
However, the chemistry associated with the post-translational modification of amino acids 
involved in EGFP fluorophore formation may be incompatible with nsp2 function. 
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Also of Interest …
The 2008 Conference of Research Workers in Animal Diseases (CRWAD) Meeting will 
be held December 7- 9, at the Chicago Marriott, Downtown Magnificent Mile, Chicago, 
Illinois. For more information, go to: http://www.cvmbs.colostate.edu/mip/crwad/

The 40th annual meeting of the American Association of Swine Veterinarians (AASV)  
is scheduled for March 7-10, 2009 in Dallas, Texas USA. For more information,  
go to: http://www.aasv.org/annmtg/

The 2009 International PRRS Symposium will be held in Chicago, IL, on Friday,  
December 4, 2009 and Saturday, December 5, 2009. For more information, go to:  
http://www.prrssymposium.org/
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