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PREFACE 

In recent decades there have been great improvements in pig production systems. 
Genetics, nutrition, flow management, and building design have helped to improve 
production efficiency, profitability and animal welfare. However, infectious disease is 
still a major stumbling block on the road to sustainability of the pig industry. Thus, 
animal breeders and producers, veterinarians and researchers need to establish a 
coordinated approach to develop more effective means of controlling infectious 
diseases of farmed animal species. This requirement is driven not only by economic 
losses, but also by public pressure to reduce the prophylactic use of antimicrobials, to 
increase animal welfare and to improve food safety. Thus, control and eradication of 
endemic and infectious diseases are crucial to the development and sustainability of 
the pig industry and to satisfy consumer demand. 

More than 20 years after its emergence, PRRS is still having major impact on pig health 
and welfare worldwide. Strategies based on husbandry, biosecurity and vaccination 
have been devised to eradicate the disease. However PRRS frequently re-emerges in 
farms after eradication, indicating that these control strategies are not effective. The 
difficulties of controlling PRRS are increased by the differences in, inadequacy or even 
absence of control strategies across many countries. Further research and greater 
coordination of research activities would inform the development of more effective 
control strategies. 

EuroPRRSnet is the new European network COST FA902 dedicated to understand and 
combat PRRS disease. EuroPRRSnet is funded by COST. More than 20 European 
countries have joined this network. The aim of this network is to develop more 
effective multidisciplinary collaborative PRRS research centered on PRRSV 
epidemiology, immunopathology, vaccine development and harmonization of 
diagnostics tools. EuroPRRS2012 intends to gather PRRS researchers, veterinarians, 
pharmaceutical companies, pig breeding companies from Asia, USA and EU to debate 
on diagnostic and control of PRRS and to review the latest achievements in PRRS 
research. 
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In particular, it will address the key goals of: 

• Dissemination of the recent developments in PRRS research and development 
of new strategies 

• Increase the global interaction between Europe, Asia and North America 
aiming at better understaning methods of detection and control of PRRS 

• Development of adequate control methods to combat PRRSV in Eastern 
Europe and Asia. 

• To train the next generation of young researchers in PRRS research, diagnosis 
and control 

We are grateful to all of you for joining the debates and making this event a reality. In 
particular we would like to present our sincere appreciation to the speakers who have 
accepted to present the latest of their research. 

Finally, this conference would have never been possible without the exceptional 
sponsorship from Boehringer Ingelheim RCV GmbH, the Faculty of Veterinary Science, 
Szent István University, Budapest, Hungary, by the TÁMOP-4.2.2.B-10/1 
„Development of a complex educational assistance/support system for talented 
students and prospective researchers at the Szent István University” grant, the János 
Bolyai Research Scholarship and the COST office and the university of Edinburgh. We 
are also grateful for participation of US and Chinese colleagues. 

We wish the participants fruitful EuroPRRS2012 discussions and a warm welcome to 
Budapest. 

 
Gyula Balka and Tahar Ait-Ali 
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PROGRAMME 

Wednesday, 10 October, 2012 

12:00 – 13:30  Lunch for the Management committee members (30 people) 

13:30 – 15:00  Management committee meeting (30 people) 

15:00 – 15:15  Coffee break 

15:15 – 16:30  Management committee meeting (30 people) 

16:30 – 18:00  Registration of participants 

18:00 – 19:00  Opening ceremony 

 Welcome Address: 

 Gyula Balka  
Szent István University, Faculty of Veterinary Science,  
Budapest, Hungary 

 Tahar Ait-Ali  
Coordinator of the COST FA0902 EuroPRRS.net  
The Roslin Institute, University of Edinburgh, Roslin, Scotland 

 Tamás Tuboly  
Deputy Dean for Researces at Szent István University,  
Faculty of Veterinary Science, Budapest, Hungary 

 

 Keynote address: 

 Title: Development of vaccine vectors based on Coronavirus 
genomes to protect against PRRSV and SARS-CoV  

 Luis Enjuanes  
National Center of Biotechnology –  Spanish National Research 
Council, Campus Universidad Autonoma, Madrid, Spain 

 

20:00 – 22:00  Dinner cocktail (80-120 people) 
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Thursday, 11 October, 2012 

09:00 – 10:30  Session 1 

 Diagnostics of PRRS infection 

 Chairs: Lars Larsen, Katarzyna Podgórska 

09:00 – 09:30  Keynote speech: Commercial and in house RT-PCR methods for 
detection of PRRSV. Design, performance and pittfalls.  
Charlotte K. Hjulsager, DTU; Denmark 

9:30 – 10:30  Four 15 min oral presentations: 

 1.  Development of a random cloning approach for detection of 
diverse PRRSV isolates independent of specific primers.  
Dr. ir. Peter Delputte, University of Gent, Belgium  

 2.  Results of PRRSV proficidency tests (PCR and serology) 
performed in the frame of two EU projects: Katarzyna Podgorska, 
Veterinary Research Institute, Pulawy, Poland  

 3.  Detection of PRRSV in 218 field samples using six molecular 
methods: what we are looking for? Ivan Toplak, University of 
Ljubljana, Veterinary Faculty, Slovenia 

 4.  Monitoring tools in PRRSv sow herd stabilization programs,  
Jose R. Angulo, Boehringer Ingelheim Animal Health GmbH, 
Ingelheim am Rhein, Germany 

 Posters: 

 Evaluation of the new ADIAVET™ PRRS REALTIME PCR kit for 
screening of European and North American PRRS viruses.  
Patrice Gracieux, ADIAGENE, Saint Brieuc, France 

 Reliable detection and typing of PRRSV using multiplex real-time RT-
PCR. Christine Gaunitz, Labor Diagnostik GmbH Leipzig, Germany 

 Development of a new IDEXX ELISA for the detection of PRRS 
antibodies in swine oral fluids. Sergio Lizano, IDEXX Laboratories, 
Inc., Westbrook, ME, USA 

 Optimization of oral fluid sampling for the detection of PRRSV TYPE 
1. Robert Graage, Clinic for Swine, Vetmeduni Vienna 

 In situ hybridization to detect porcine reproductive and respiratory 
syndrome virus. Dinko Novosel, Croatian Veterinary Institut, Zagreb, 
Croatia 

 

10:30 – 11:00  Coffee break with posters 
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11:00 – 13:00  Session 2 

 Epidemiology and genetic diversity of PRRS infection 

 Chairs: Tomasz Stadajek, Jean-Pierre Frossard 

11:00 – 11:30  Keynote speech: (keynote) Overview on Chinese PRRS situation 
Hanchun Yang, College of Veterinary, Medicine, China Agricultural 
University, Beijing 30' 

11:30 – 12:30  Five 15 min oral presentations: 

 1.  Porcine reproductive and respiratory syndrome virus: Antigenic 
and molecular diversity of British isolates and implications for 
diagnosis. Jean-Pierre Frossard, AHVLA - Weybridge, UK 

 2.  Genetic diversity of Central and Eastern European PRRSV strains 
(Austria, Czech Republic, Hungary, Serbia, Croatia, Romania). 
Balka Gyula, SzIU, FVS, Budapest, Hungary 

 3.  The spread of porcine reproductive and respiratory syndrome 
virus in Ukraine from 2005 to july 2012 years. Olia Ivashchenko, 
Kyiv National University named after Taras Shewchenko  

 4.  "Impact of genetic variation and geographic distribution of Porcine 
Reproductive and Respiratory Syndrome virus on infectivity and 
pig growth " Sara Botti, Parco Tecnologico Padano – CERSA, Lodi, 
Italy 

 5.  Evidence of PRRSV recombination from field samples in 
Northeastern Italy, Giovanni Franzo, University of Padova, 
Legnaro, Italy 

 Posters: 

 New, non-conventional clinical manifestation of porcine reproductive 
and respiratory syndrome (PRRS) in Hungary. Sándor Kecskeméti, 
National Food Chain Safety Office Veterinary Diagnostic Directorate, 
Debrecen, Hungary 

 A serological survey on porcine reproductive and respiratory 
syndrome (PRRS) virus infection in Serbian wild boars population. 
Tamas Petrovic, Scientific Veterinary Institute “Novi Sad”, Serbia 

 PRRS virus sequence diversity in the Czech Republic, Jitka Janková, 
University of Veterinary and Pharmaceutical Sciences Brno,  
Czech Republic 

 Molecular epidemiology of highly pathogenic PRRS in Vietnam 2007-
12, Nguyen Tung, National Center for Veterinary Diagnosis, Hanoi, 
Vietnam 
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 PRRSV and other co-infecting agents in PMWS affected pigs,  
Anna Jackova, University of Veterinary Medicine and Pharmacy, 
Kosice, Slovakia 

12:45 – 13:45  Lunch 

13:45 – 15:15  Group discussion (joint epidemiology and diagnostics topics): 

 –  Epidemiology topics discussion chaired by and  
Tomasz Stadejek and Jean-Pierre Frossard 

 –  Diagnostics topics discussion chaired by Lars Larsen and 
Katarzyna Podgórska 

15:15 – 15:45  Coffee break with posters 

 

15:45 – 17:30  Session 3 

 Control and Eradication of PRRS 

 Chairs: Spyridon Krytas and Tom Duinhof 

15:45 – 16:15  Keynote speech: Views on control and eradication of PRRS in Europe. 
Anders Elvstrøm (Swine Practitioner, Denmark) 

 Five 15 min oral presentations: 

 1.  Experience on laboratory results  on PRRSV control and 
eradication possibilities. Luc Mieli  LDA22, Poufragan, France  

 2.  PRRS in the Netherlands: Actual status, economic impact, planned 
actions. Tom Duinhof Animal Health Service,  
Deventer, The Netherlands 

 3.  Economic evaluation of two PRRSV-elimination strategies. 
Maaike Gonggrijp, Animal Health Service, The Netherlands 

 4.  PRRSV control in Denmark: Status and perspectives.  
Charlotte Sonne Kristensen, Pig Research Centre,  
Danish Agriculture & Food Council, Denmark. 

 5.  Evaluation of a local pilot PRRSv elimination program in Brittany. 
Catherine Belloc, INRA, Nantes, France 

18:00 – 19:00  Danube Boat Trip 

19:30 –24:00  Gala Dinner (120 people) 
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Friday, 12 October 2012 
09:00 – 11:30  Session 4 

 PRRS immunology  

 Chairs: Tahar Ait-Ali and Sara Botti 

09:00 – 09:30  Keynote speech: TBC Armin Saalmüller, Clinical Immunology, 
Veterinary University of Vienna, Austria 

09:30 – 10:00  Keynote speech: Immunopathological Consequences of PRRSV 
Infection  Michael Murtaugh (University of Minnesota, St Paul, 
Minnesota, USA) 

10:00 – 11:00  Four 15 min oral presentations: 

 1.  Pig immune response to general stimulus and to Porcine 
Reproductive and Respiratory Syndrome Virus infection:  
a meta-analysis approach, Bouabid Badaoui (Parco Tecnologico 
Padano – CERSA, Lodi, Italy) 

 2.  Effect of infection of monocyte-derived dendritic cell infection 
with PRRSV on the expression of differentiation and activation 
antigens and the influence on T-cell activation,  
Irene Rodríguez-Gómez, University of Córdoba, Spain 

 3.  Regulatory T-cells in PRRS virus infection, Enric Mateu  
(UAB, Spain) 

 4.  M1 polarized macrophages are resistant to genotype 1 but not to 
highly pathogenic genotype 2 PRRSV, Obdulio García-Nicolás 
(University of Murcia, Spain) 

 Posters: 

 Putative microchimerism involvement in the pathogenesis of 
congenital PRRSV infection. Uladzimir Karniychuk, Laboratory of 
Virology, Ghent University, Belgium 

 Genetic variation in response to PRRS, Pramod K. Mathur, TOPIGS 
Research Center, Beuningen, Netherlands 

11:00 – 11:30  Coffee break with posters 

11:30 –13:30  Group discussion (joint control/eradication and immunology topics): 

 –  Control and eradication discussion chaired by and   
Spyridon Krytas and Tom Duinhof  

 –  Immunology discussion chaired by Tahar Ait-Ali and Sara Botti 

13:30 –14:30  End of meeting and Lunch 
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Keynote address 

DEVELOPMENT OF VACCINE VECTORS 
BASED ON CORONAVIRUS GENOMES TO 
PROTECT AGAINST PRRSV AND SARS-COV 

Luis Enjuanes, Marta L. DeDiego, Jose, L. Nieto, Jose M. Jimenez, 
Jose A. Regla, Raul Fernandez, Martina Becares, Sonia Zuñiga,  
Aitor Nogales, Silvia Marquez, Fernando Almazan,  
Pedro Mateos-Gomez, Lucia Morales and Isabel Sola 

National Center of Biotechnology 
Spanish National Research Council (CNB-CSIC).  
Darwin 3. Campus Universidad Autonoma. Cantoblanco. Madrid. Spain 

The induction of long-term protection against virus-induced diseases requires the 
development of modify attenuated viruses derived from the virus that we try to prevent. 
In some cases, this is possible because the live modified virus does not have dominant 
components that interfere with the induction of a protective immune response, as I 
will describe for the severe and acute syndrome virus (SARS-CoV). In contrast, in 
other cases, such as for the porcine respiratory and reproductive syndrome virus 
(PRRSV), this is a less clear possibility as a consequence of the presence of many viral 
encoded proteins that inhibit the onset of a protective immune response on due time. 
In these cases, protection could in principle be induced by the selective expression of 
the viral antigens involved in protection, using a vector that, ideally, should be specific 
for the animal species that we try to protect. Today, a comprehensive amount of data 
generated both in Europe, Asia and in the States have identified potential correlates of 
protection, but also viral proteins that counteract the onset of an effective immune 
response, which should be removed from the antigen used to elicit protection. Albeit 
the enormous progress made, the control of PRRSV is not fully possible jet, whereas, in 
principle, the control of other potential emerging disease such of SARS, seems to have a 
more successful outcome. 
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Relevant progress in the molecular basis of coronavirus replication, transcription, 
virus host-interaction, and on the engineering of coronavirus genomes as vaccine 
vectors, has been made in order to control viruses with high relevance in animal and 
human health. The progress of our laboratory has had significant impact in: (i) the 
development of reverse genetics systems to engineer coronavirus genomes as vaccine 
vectors; (ii) the control of coronavirus replication and transcription to increase 
protective antigen expression levels; and (iii) the identification of genes involved in the 
virulence of transmissible gastroenteritis virus (TGEV) and SARS-CoV to generate 
modified live attenuated viruses.  

We have shown that coronavirus transcription is guided mainly by the free energy 
released in the base pairing between an RNA sequence motif located in the viral 
genome, and a complementary sequence synthesized during transcription. In addition, 
a transcription enhancer has been identified that is very useful to increase the 
expression levels of the protective antigens.  

The projects on the molecular basis of TGEV and SARS-CoV virulence also led to the 
identification of genes responsible for virus attenuation. The mechanism involved in 
these processes showed that defined viral proteins were responsible for the regulation 
of inflammation induction by TGEV and SARS-CoV, by other respiratory viruses, and 
by drugs inducing inflammation by different mechanisms. Using information from 
these basic studies we have engineered the first recombinant vaccine that protects 
against SARS-CoV infection in three independent animal model systems. Also, 
significant progress has ben made in the development of a vaccine for PRRSV, although 
additional developments are still required in this case to overcome the partial stability 
of the heterologous genes in the vaccine vector. This limitation is being solved in 
collaboration with members of the PoRRScon EU consortium.  

Vectored vaccines for PRRSV based on TGEV virus genome have been constructed. 
These vectors expressed PRRSV M protein and GP5 mutants with altered 
glycosylation patterns, since it has been proposed that removal of the glycosylation 
sites could lead to the improvement of the immune response against PRRSV. 
Vaccinated animals showed significant humoral responses against PRRSV GP5 and M 
proteins. Nevertheless, the immune response elicited by these vectors did not provide 
full protection. Two hypotheses may explain these results. The first one is the limited 
stability of GP5 expression, mainly due to GP5 protein toxicity, that resulted in a 
significant loss of GP5 expression. The second one is the presence of domains inducing 
negative regulatory T cells (Treg) in the expressed proteins. To improve recombinant 
TGEV (rTGEV) vector stability, a rTGEV co-expressing M protein and the 68 most N-
terminal amino acids of the GP5 protein (GP5-ecto) was designed. This GP5 protein 
fragment included the epitopes eliciting the immune response against GP5-ecto 
protein, but lacking protein toxic domains or described negative Treg signals. 
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Protection could be increased by the co-expression of GP3 and GP4 PRRSV surface 
antigens.  

To generate attenuated SARS-CoVs the molecular determinants contributing to its 
high virulence were studied. To this end, infectious cDNA clones encoding SARS-CoV 
lacking E gene (SARS-CoV-∆E) non-adapted or adapted to grow in mice were 
constructed, and the corresponding deletion virus mutants were rescued. Both types of 
SARS-CoV-∆E were attenuated in hamsters, conventional mice and transgenic mice 
expressing the SARS-CoV receptor mACE-2. The attenuation mechanism of SARS-
CoV-∆E was studied by comparing the differential gene expression in cells infected 
with SARS-CoV with or without E gene. Stress response genes were preferentially 
upregulated during infection in the absence of gene E. Interestingly, the addition of E 
protein in trans reversed the increase of stress response genes observed in cells 
infected by SARS-CoV-∆E and also considerably reduced the cellular stress induced by 
respiratory syncytial virus, or by drugs eliciting cell stress by different mechanisms. In 
addition, SARS-CoV E protein down-regulated the unfolded protein response and 
limited cell apoptosis induced during the infection. Conventional mice infection with a 
mouse adapted SARS-CoV reproduced many aspects of the human disease. 
Accordingly, a mouse adapted SARS-CoV-∆E with an attenuated phenotype in mice 
was engineered. The expression of proinflammatory cytokines was clearly reduced in 
SARS-CoV-∆E-infected cells and in virus-infected lungs compared to SARS-CoV-
infected cells and lungs. Furthermore, a reduction in neutrophil migration to sites of 
lung inflammation was observed in mice infected with mouse-adapted SARS-CoV-∆E, 
probably contributing to the lower degree of inflammation detected in conventional 
mice, hamsters and transgenic mice expressing the SARS-CoV receptor, hACE-2. This 
reduction of inflammation in the absence of E gene most likely contributed to the 
attenuation of SARS-CoV-∆E. This deletion mutant virus provided protection against 
challenge with homologous and heterologous pathogenic SARS-CoV strains in 
hamsters and transgenic mice. Furthermore, the mouse adapted ∆E virus mutant 
provided complete long-term protection against a virulent mouse adapted SARS-CoV 
in both young and old Balb/c mice, indicating that SARS-CoV-∆E is a very promising 
vaccine candidate. 

In conclusion, the engineering of species specific coronavirus genomes may be very 
useful to elicit protection against coronavirus induced diseases, and also as vaccine 
vectors to protect against heterologous viruses. Nevertheless, in the case of PRRSV, 
additional studies to define the correlates of protection and the stability of their 
expression is still needed. 
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Session 1 

Diagnostics of PRRS infection 

 

Chairs:  

Lars Erik Larsen, Katarzyna Podgórska 
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COMMERCIAL AND IN-HOUSE RT-PCR 
METHODS FOR DETECTION OF PRRSV.  
DESIGN, PERFORMANCE AND PITFALLS 

Charlotte Kristiane Hjulsager 

National Veterinary Institute; Technical University of Denmark – ckhj@vet.dtu.dk 

Abstract 

RT-PCR is a widely used method for detection of PRRSV, because it is a rapid, sensitive 
and highly specific detection tool. However, the profound diversity and rapid evolution 
of PRRSV genomes complicates the development of highly sensitive and robust assays. 
Several factors need to be taken into consideration when using RT-PCR for diagnosis 
of PRRSV.  

Introduction 

Porcine reproductive and respiratory syndrome virus (PRRSV) is an enveloped 
positive sense single-stranded RNA virus that belongs to the order Nidovirales, family 
Arteriviridae, genus Arterivirus (Cavanagh. 1997). PRRSV causes reproductive failure 
in sows and respiratory disease mainly in younger pigs (Rossow. 1998), and has major 
animal-welfare and economic impacts on swine industries world-wide. PRRSV 
isolates are divided into genotypes 1 or 2, also known as the European (EU) and North 
American (NA) types, respectively. Considerable genomic diversity exists both 
between and within genotypes, and this poses a major challenge to the design of 
adequate diagnostic RT-PCR detection methods.  

Detection of PRRSV by RT-PCR 

Reverse transcriptase PCR (RT-PCR) is used for detection of the genetic material 
(genome) of PRRSV in clinical specimens such as serum, lung tissue, oral fluid, semen 
etc. First the viral RNA is extracted from the sample material, often as total RNA 
preparation. A reverse transcriptase (RT) step converts the RNA to cDNA, which is 
exponentially amplified by polymerase chain reaction (PCR). The result is visualised 
by agarose gel electrophoresis (conventional RT-PCR) or followed in real-time by the 



EuroPRRS2012 Budapest  Hungary                                                                                                              21 
 

emission of fluorescence during amplification (real-time RT-PCR). The amount of 
emitted fluorescence is proportional to the amount of PCR product generated. The RT 
and PCR steps can be performed in separate tubes (two-step RT-PCR), or in a single 
tube (one-step RT-PCR). Many assays for routine diagnostics use the convenient one-
step format.  

RT-PCR has been increasingly used as the preferred method for detection of PRRS 
virus, because it is a rapid, sensitive and highly specific detection tool. A vast number of 
conventional RT-PCR assays have been published (Van Woensel et al. 1994; Suárez et 
al. 1994; Christopher-Hennings et al. 1995; Oleksiewicz et al. 1998). Primers for PRRSV 
detection have also been included in a number of conventional multiplex RT-PCR 
assays for simultaneous detection of several pathogens (Giammarioli et al. 2008; Liu et 
al. 2011; Xu et al. 2012). In recent years, real-time RT-PCR has replaced conventional 
RT-PCR as the preferred tool for the routine detection of PRRS virus in diagnostic 
specimens. Several different technical platforms and assay chemistries have been 
employed, but most published assays rely on intercalating fluorescent dyes such as 
SYBR Green I (Lurchachaiwong et al. 2008; Martinez et al. 2008; Tian et al. 2010) or 
dual-labeled (Taqman) probes (Egli et al. 2001; Revilla-Fernandez et al. 2005; 
Kleiboeker et al. 2005). More recently, an assay using the Primer Probe Energy 
Transfer (PriProET) chemistry has been published (Balka et al. 2009). This chemistry 
is particularly suitable for detection of diverse viruses, because signaling is less 
dependent on perfect match in probe region than for other probe based chemistries. 

Many RT-PCR assays are designed to simultaneously detect PRRSV and discriminate 
between genotypes, because this provides important information for the control of 
disease. 

RT-PCR is a very sensitive method, and special care should be taken to avoid cross-
contamination of samples that may lead to the generation of false positive results, both 
in the field during sampling as well as in laboratory. The laboratory procedures should 
be organized to minimize potential contamination. In general, real-time RT-PCR is 
preferred over conventional RT-PCR for detection, because these assays are more 
sensitive and offers a reduced risk of laboratory cross-contamination because post 
amplification handling is avoided. Furthermore, real-time assays are quantitative.  

Commercial RT-PCR assays 

In addition to the wealth of published assays, conventional and real-time RT-PCR 
assays are commercially available. There are conflicting reports on the performance of 
these assays and the major drawback is that the primer sequences are not publicly 
exposed. However, some of the commercial assays have been extensively evaluated in 
order to obtain market authorization and their performance is being continuously 
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monitored in order to provide updates of reagents (Toplak et al. 2012; Harmon et al. 
2012). 

Assay design 

The diagnostic performance of a given RT-PCR assay rely on several factors, however, 
some important general factors can be highlighted for an assay to be effective for 
determining the absence or presence of a pathogen. First of all it is essential that the 
primers and probes are designed to target a conserved region of the genome. This is 
somewhat problematic with PRRSV, being an RNA virus undergoing rapid evolution 
and with a high degree of genetic variability (Chang et al. 2002). Even minor 
mismatches between the target and the primers and probe can cause false-negative 
results (Klungthong et al. 2010). Many of the available diagnostic RT-PCR assays are 
targeting the conserved ORF7 region, however, sequence comparisons between and 
among type 1 and 2 viruses have revealed significant sequence variability in ORF7 
(Stadejek et al. 2006; Yoon et al. 2012), and this may have profound negative impact on 
the sensitivity of the assays. It is also import to consider the structure predictions of 
the PCR target, because secondary structure formations during PCR may render the 
target poorly accessible to the primers (Peters et al. 2004). Most published RT-PCR 
assays include only one pair of primers and, in the case of real-time probe based assays, 
a single probe for each target. However, to enhance the detection of the genetically 
diverse population of PRRSV, it has become more common to include multiple primers 
and probes in a single assay (Harmon et al. 2012).  

The RNA extraction procedure may also have a major impact on assay performance, 
and it is necessary to validate the extraction procedure for each kind of sample material 
to be tested – i.e. a protocol that works well with one sample material may not be 
equally applicable to another sample material (Christopher-Hennings et al. 2006). Oral 
fluid extracted from ropes chewed by pigs, is a recent addition to the variety of 
diagnostic specimens for PRRSV testing. The importance of assay validation is 
emphasized by the need to optimize the RNA extraction procedure for this sample 
material to avoid PCR inhibition (Chittick et al. 2011). Furthermore, to avoid false-
negative results due to PCR inhibition or extraction failure, it is recommended to 
include extraction controls in the set-up (Revilla-Fernandez et al. 2005). 

To reduce cost related or/and to increase the sampling size, pooling of samples is 
sometimes preferred, however this may have a negative influence on the sensitivity of 
testing (Rovira et al. 2007; Harmon et al. 2012). 

Conclusions/Recommendations 

A huge variety of different RT-PCR assays and protocols are used in public and private 
diagnostic laboratories throughout Europe. Only some of these assays have been 



EuroPRRS2012 Budapest  Hungary                                                                                                              23 
 

published, and validation data are in general not available. It is therefore of outermost 
importance, that research activities are launched with the focus to improve, validate, 
implement and standardizes the diagnostic procedures used in Europe and globally. 
Recently, a ring trial to evaluate PRRSV real-time RT-PCR detection methods in 
several European laboratories showed, that none of the in-house or commercial assays 
tested, could identify all different PRRSV strains with an optimal analytical and 
diagnostic sensitivity (Wernike et al. 2012), and a combination of methods was 
recommended. 

Furthermore, PRRSV is a single stranded RNA virus, which is prone to antigenic drift. 
As described, studies have shown that some European countries such as Lithuania, 
Latvia, Belarus and Russia harbor exceptionally diverse EU-genotype PRRSV strains 
(Stadejek et al. 2008). Alignments of these strains with the primer and probe sequences 
of published PRRSV RT-PCR assays indicated that the majority of the assays would not 
be able to recognize these recent strains. Updated PRRSV sequence data from many 
parts of Europe is very sparse; therefore, it is not clear if various assays in diagnostic 
use will produce a substantial number of false negative results when field samples are 
tested. Thus, it is obvious that there is a need for surveillance programs with the aim to 
continuously monitor the drift of PRRSV by sequencing subsets of circulating strains 
and by building joint PRRSV databases with public accessibility. The sequencing 
should focus on, but not be limited to ORF5 and ORF7. Full genome sequence data are 
presently sparse in GenBank, but when more such sequences become available, it is the 
hope to identify a more conserved region than the widely used ORF7, which could be 
the target for sensitive and robust real-time RT PCR assays. 

To maximize the diagnostic performance of RT-PCR assays, it is necessary to perform 
in-house validation of assays, including the RNA extraction procedures, for each 
diagnostic specimen. It is also very important to continuously check the applicability of 
primers and probes for their ability to detect new variants of PRRSV. This can be done 
by in silico analysis and by participation in ring trials. 
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PRRS is a pig disease of major economic importance that causes respiratory and 
reproductive problems in pigs. Over the last years it has become clear that PRRSV 
heterogeneity continues to increase, which has a potential impact on diagnosis and 
strategies to counter this disease. The use of sequence-independent PCR techniques 
for the detection and characterization of PRRSV is a valid approach to overcome 
problems associated with the heterogeneity of this virus, but has not yet been testen on 
PRRSV. In this study, a random PCR cloning approach was used to evaluate if the 
PRRSV strain 07V063 of unknown genetic background that circulated on a Belgian 
farm could be characterized. Using this approach, 7305 bp of sequence data were 
generated, and the obtained sequence were distributed randomly across the genome. 
With the obtained sequence data, strain-specific primers were developed, and this 
allowed to obtain the full length sequence (15014 nt) using RT-PCR. Phylogenetic 
relationships using ORF5 and ORF1a (NSP2) sequences showed that 07V063 was 
classified in type 1 subtype 1. Furthermore, 07V063 appeared genetically different from 
prototype Lelystad Virus (LV). The aa identity was between 87-93% with LV ORFs 
coding for structural proteins. Surprisingly, Nsp2 of strain 07V063 showed most 
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variation (81% identity compared to LV) with a deletion of 28 aa. This deletion was 
different from other deletions in this ORF that were previously described. 

In conclusion, these results show that in theory, a random PCR cloning approach can 
be used for the characterization of new PRRSV strains of unknown genetic background. 
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Abstract 

Present paper describes evaluation of PCR and serological methods based on two ring 
trials performed within a frame of two EU projects. The aim of the ring trials was to 
identify problems in the areas of molecular and serological diagnostic methods in 
partners’ laboratories and selection of the best-working assays.  

Serological ring trial indicated that some ELISA methods are prone to false positive 
results. Based on the panel of samples used in the PCR ring trial, there is no commercial 
or in house PCR test with satisfactory analytical and diagnostic sensitivity that would 
simultaneously enable differentiation between two genotypes. The combination of 
several methods is highly recommended to assure optimal diagnosis of PRRSV 
infections. Moreover, applied methods should be constantly validated according to the 
currently circulating strains.  

Introduction 

Currently two genotypes of porcine reproductive and respiratory syndrome virus 
(PRRSV) are known – previously restricted to Europe genotype 1 (EU) and genotype 2 
(NA) discovered in North America. Genotype 1 is further divided into subtypes 1, 2, 3 
and 4. Most probably both genotypes evolved independently on two continents and 
their geographical distribution was initially limited. Nowadays both genotypes are 
detected in Europe, America and Asia. Limited genetic and antigenic similarity 
between these two genotypes might probably influence serological and molecular 
diagnostic methods for PRRS (11).  
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Present paper describes evaluation of PCR and serological methods based on two ring 
trials performed within a frame of two EU projects. The aim of the ring trials was to 
identify problems in the areas of molecular and serological diagnostic methods in 
partners’ laboratories and selection of the best-working assays. Two ring trials 
including PCR methods and serological assays were organized. PCR ring trial was 
extended to participants of the two international projects PoRRSCon (6 participants) 
and EPIZONE (7 participants). The same panel of samples including 28 RNA 
templates of PRRSV strains representing all genetic subtypes of PRRSV was used. 
PRRSV strains used in the ring trials were obtained from the collection of the 
Friedrich-Loeffler-Institut, Isle of Riems, Germany, or the National Veterinary 
Research Institute, Pulawy, Poland. Participants used from 1 to 4 PCR methods to 
analyze obtained samples. The results of the EPIZONE ring trial were recently 
described by Wernike et al. (11). Present manuscript summarizes results of both PCR 
ring trials as well as serological ring trial performed within PoRRSCon project. 

PCR ring trial. The panel of RNA samples used in the ring trial included two series of 
dilutions of genotype 1 subtype 1 PRRSV strains and one set of serial dilutions of high 
pathogenic HP-PRRSV strain of genotype 2 from China. Additionally three other 
strains of genotype 2 and three strains of genotype 1 subtype 1, as well as samples 
representing subtypes 2, 3 and 4 classified within genotype 1 and three negative 
samples were included. Samples were distributed between 13 participants and 
analysed with 17 PCR assays available in partners’ laboratories. Four commercially 
available kits and 13 in house tests were applied. Four in house tests were pan-specific 
and detected all PRRSV genotypes, two other methods were specific for genotype 2 
only. Seven remaining methods had an advantage of differentiation between genotype 1 
and 2. Four in house tests were based on end-point analysis, others were real-time 
assays based mostly on TaqMan probes except one SYBR Green I method.  

High variability of results was observed between applied methods. Most often 
problems were false negative results, especially regarding Eastern European strains of 
genotype 1 (subtypes EU-2, -3 and -4), but also low sensitivity regarding strains of 
genotype 1 subtype 1 or Chinese strain HP-PRRSV.  

Only two of four commercial PCR kits detected all Eastern European PRRSV strains. 
However, those kits had lower sensitivity regarding subtype EU-1 strains or HP-
PRRSV strain. One of remaining commercial kits did not detect any strains of subtypes 
EU-2, -3 and -4, and the last one detected only some of them, depending on the 
laboratory.  

Similar discrepancies were observed also regarding in house PCR assays (Table 1). 
Most of the tests except Kleiboeker and Kleiboeker (mod-2) detected all strains 
belonging to subtypes EU-2, -3 and -4. However, some methods had relatively low 
sensitivity regarding detection of EU-1 strains. Strain EU Stendal V954 was not 
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detected at all by method based on Egli et al. (1). Common problem was also low 
sensitivity in detection of high pathogenic PRRSV strain, which was completely missed 
by one of methods specific to genotype 2.      

Serological ring trial. Serological part of the PoRRSCon ring trial consisted of testing 
of 9 serum samples. The panel of samples included sera obtained from pigs naturally 
infected with strains of genotype 1 (subtypes 1, 2 and 3), strains of genotype 2 and three 
samples from herds free from PRRSV. One of the negative samples was found before to 
give false positive results in some ELISA tests. Two participants analysed samples with 
both ELISA and IPMA methods, others used only ELISA (5 participants) or only IPMA 
(1 participant).  

The results of IPMA proved that all applied protocols had characterized good 
specificity and enabled detection of specific antibodies in all positive samples. 
Obtained titres differed depending on applied strain and protocol used.  

Five in house ELISA tests and three commercial kits were used in the ring trial. Two of 
in house tests had an additional benefit of discrimination between genotype 1 and 2. 
Two commercial ELISA kits gave false positive results in two different negative 
samples. Additionally, false positive result was detected in one of the in house tests. 
The best results were obtained equally with IDEXX X3, Ingenasa DR and in house 
ELISA test based on Stadejek et al. (8).  

Conclusions 

Based on the panel of samples used in the ring trial, there is no commercial or in house 
PCR test with satisfactory analytical and diagnostic sensitivity that would 
simultaneously enable differentiation between two genotypes. The combination of 
several methods is highly recommended to assure optimal diagnosis of PRRSV 
infections. Moreover, applied methods should be constantly validated according to the 
currently circulating strains.  

Results of serological tests were more consistent. However, it was shown that some 
ELISA methods are prone to false positive results.  
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Table 1. Results of in house assays used in the PCR ring trial.  
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EU/NA EU/NA EU/NA EU/NA EU/NA EU/NA NA NA EU/NA pos/neg pos/neg pos/neg pos/neg 

EU Stendal  
V954 

EU-1 10(-2)  EU EU EU - EU EU - - EU pos pos pos pos 

EU-1 10(-3)  EU EU EU - EU EU - - EU doubt. - pos pos 

EU-1 10(-4)  EU EU EU - EU EU - - EU - - pos pos 

EU-1 10(-5)  EU/- EU - - EU/- EU - - - doubt. pos pos - 

EU-1 10(-6)  - - - - - - - - - - - - - 

EU Stendal  
V1952/97 

EU-1  10(-1)  EU EU EU EU EU EU - - EU pos pos pos pos 

EU-1 10(-2)  EU/- EU EU EU EU EU - - EU pos pos pos pos 

EU-1 10(-3)  - EU EU - EU EU - - EU pos pos pos pos 

EU-1 10(-4)  - EU EU - EU EU - - EU - pos pos pos 

EU-1 10(-5)  - EU/- - - - EU - - EU - pos pos pos 

Cobbelsdorf EU-1  1:500  EU/- EU EU EU EU EU - - EU pos pos pos pos 

Stendal V852 EU-1  1:500 EU EU EU - EU EU - - EU pos pos pos pos 

Stendal V1904 EU-1  1:500  EU EU EU EU EU EU - - EU pos pos pos pos 

Aus EU-2  1:10  - EU EU EU EU EU - - EU pos pos pos pos 

Bor EU 
(atyp)  1:10  - EU EU EU EU EU - - EU pos pos pos pos 

Sza EU-3  1:10  EU/- EU EU EU EU EU - - EU pos pos pos pos 

Okt EU-4  1:10  - EU - EU EU EU - - EU pos pos pos pos 

HP-China 

NA-HF 10(-2)  NA NA NA NA NA NA - NA NA pos pos pos pos 

NA-HF 10(-3)  NA NA NA NA NA NA - NA NA pos pos pos pos 

NA-HF 10(-4)  NA NA NA - NA NA - NA NA - pos pos pos 

NA-HF 10(-5)  EU/NA NA NA - - NA - NA - - pos pos pos 

NA-HF 10(-6)  NA NA - - - - - - - - pos pos pos 

Stendal 
V1445/99 NA  1:500 NA NA NA NA NA NA NA NA NA pos pos pos pos 

USA 
VD29949/17 NA  1:500  NA NA NA NA NA NA NA NA NA pos pos pos pos 

USA 2  NA  1:500  NA NA NA NA NA NA NA NA NA pos pos pos pos 

neg. RNA - - pos - - - - - - - - - - - - 

neg. RNA - - - - - - - NA - - - - pos - - 

RSB 50 - - pos - - - - - - - - - - - - 
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Abstract 

The purpose of this study was to determine the sensitivity of conventional RT-PCR 
protocol and five commercial real-time kits (kit A - E) used for the detection of porcine 
reproductive and respiratory syndrome virus (PRRSV). 218 field samples were 
collected between 2009 and 2011 from 50 PRRSV positive and 45 negative pig herds 
from Slovenia. According to determined 258 nucleotides long sequences (ORF7) 12 
different lineages of Type I - subtype 1 (a=1, b=9, c=1, d=1, e=85, f=10, g=2, h=4, i=3, j=3, 
k=1, m=8) with 85.7-93.8 % nucleotide identity between lineages and four samples 
belong to Type II were identified. The highest sensitivity was observed with kit E 
(96,3%) and with kit B (94,5%), followed by conventional RT-PCR (87,8%) and kit D 
(82,1%), while the lowest sensitivity was observed with kit A (55,3%) and kit C (53,8%). 
Reduced sensitivity was directly related to the some genetic lineages and RNA copy 
number in a sample. These findings emphasize that diagnostic PCR kits (conventional 
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and real-time) have to continuously follow the genetic evaluation of the PRRSV 
subtype viruses especially Type I and regularly update their primer and probes 
sequences. 

Introduction 

Porcine reproductive and respiratory syndrome virus (PRRSV) is the causative agent 
of porcine reproductive and respiratory syndrome (PRRS), which is a devastating 
multisystem infection of pigs, causing high economic loses in infected herds. The 
detected high heterogeneity among PRRSV isolates is likely to be the main obstacle for 
effective control of the disease. The isolates detected in Europe are heterogeneous with 
72.2 - 90% homology and sequence reports for PRRSV originated from different 
countries such as Denmark, Italy, Czech Republic, Poland, Spain, Germany, 
Netherlands, Hungary, Belorussia and Slovenia supports the development of new 
diagnostics tolls (Oleksiewicz et al., 2000; Stadejek et al., 2002; Mateu et al., 2003; 
Pesch et al., 2005; Indik et al., 2005; Stadejek et al., 2006; Balka et al., 2008; Toplak et 
al., 2012). Real-time RT-PCR technology using primers and TaqMan probes has 
successfully been used to detect the genotype and the quantity of PRRSV RNA (Egli et 
al., 2001; Chung et al., 2005). However, there are several potential problems with 
PRRSV detection because of the wide variability of the strains (Toplak et al., 2012). The 
main disadvantages are the design and the validation of specific functional probes to 
ensure the diagnostic sensitivity and specificity of the assay and the avoidance of false-
negative results due to variability within the probe-binding site (Hughes et al., 2004).  

This is the follow-up study after the detection of new strains in Slovenia and low 
sensitivity for two commercial real-time PCR kits and (Toplak et al., 2012). The 
sensitivity of six molecular methods was determined on 218 field samples.  

Material and methods 

218 field samples (serum, tissues) were collected between 2009 and 2011 from 50 
PRRSV positive and 45 negative pig herds from Slovenia. Total viral RNA was 
extracted from original samples and stored in aliquots at < -60 °C until analysis. 
Conventional RT-PCR with gel-electrophoresis and direct sequencing of RT-PCR 
products was performed as described previously (Donadeu et al., 1999; Toplak et al., 
2012). For determination of the diagnostic sensitivity five commercially available real-
time kits were used: TaqVet® PRRS Triplex PRRS-Genotyping (LSI, France), 
ADIAVET® PRRS Real-Time, (Adiagene, France), PRRS Real-Time Detection Kit 
(BioNote, Inc., Korea), NextGen Real-Time RT-PCR Target Specific Reagents for the 
Identification & Differentiation of North American & European PRRSV Viral RNA 
(Tetracore®, USA) and TaqMan® PRRSV Reagents and Controls one step qRT-PCR for 
NA and EU PRRSV RNA for detection differentiation of European/American PRRSV 
(Applied Biosystems, USA), named in following sentences as kit A, B, C, D and E were 
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tested. All field samples were analyzed with five commercial real-time RT-PCR kits 
and results of conventional RT-PCR were included into final comparison. Samples 
were tested using the same batch of RNA for different test, real-time PCR mix were 
prepared according to the instructions of producer of each kit. 

Results 

According to 258 nucleotides long sequences (258 nucleotides of ORF7, genome 
position 14.673 - 14.927 in the Lelystad virus, GenBank accession number M96262) 
determined for positive samples it was shown that 128 PRRSV positive samples 
collected in Slovenia belong to Type I (identification of 12 different lineages of EU 
subtype 1: a=1, b=9, c=1, d=1, e=85, f=10, g=2, h=4, i=3, j=3, k=1, m=8) with 85.7-93.8% 
nucleotide identity between lineages (Figure 1). Five samples belong to Type II with 
99.6-100% nucleotide identity between samples and reference strain VR-2332 
(U87392). Five additional samples were identified as positive using one or more 
different real time kits, but were not detected as positive by conventional RT-PCR, 
thus for these samples the type of virus was not identified by sequencing (named in 
Table 1 as unknown type). The estimated copy number of PRRSV RNA for all 138 
positive samples was determined according Ct value obtained with kit E using 10-fold 
dilutions of positive control with known copy number and estimated RNA copy 
numbers for samples was calculated from Ct values obtained in standard curve. The 
determined limit of detection for kit E is 40 copies of Type I or type II PRRSV RNA and 
this number was put as reference for determination of the sensitivity of other five kits. 
20 out of 138 positive samples PRRSV was detected mainly with kit B and kit E which 
have the highest sensitivity, but according the obtained results of Ct value with kit E, 
sample contain less than 40 PRRSV RNA copies (in range between 1 and 25 copies). 
Results for these 20 samples were excluded for determination of the sensitivity of all 
six methods. The highest sensitivity was observed with kit E (96,3%) and with kit B 
(94,5%), followed by conventional RT-PCR (87,8%) and kit D (82,1%), while the lowest 
sensitivity was observed with kit A (55,3%) and kit C (53,8%). Reduced sensitivity was 
directly related to the genetic lineages. For kits A and C we have observed problems 
with low sensitivity for almost all genetic lineages included in this study, thus this two 
kits are not suitable for testing field samples on our territory. The majority problems in 
kit D were observed with the detection of only 88,7% positive samples of lineage e, 
71,4% of lineage b, 62,5% of lineage f, 50% of lineage g and 25% of lineage m. The results 
for kit D suggest that this kit have also higher limit of detection comparing to the kits B 
and E (Table 2). The results for conventional RT-PCR showed that this protocol is 
highly sensitive for the detection of different lineages of PRRSV, but have higher limit 
of detection to two real-time kits B and E. As a result of this lower sensitivity of RT-
PCR, 12 samples of lineage e were not detected as positive. Kit B have almost perfect 
sensitivity, but have problem with the detection of seven samples from lineage m 
(12.5%) and one sample from lineage g (50%). Kit E has the highest sensitivity, but we 
observed that five samples from lineage e originated from the same farm were not 
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detected as positive. The percentages of detected positive samples for each lineage are 
presented in Table 1. The results with obtained Ct values for two field strains from 
lineage e (Meo15nam/2011 and Ceb2nam/2011) using 10-fold dilution and 
conventional RT-PCR together with five commercial real time kits (Kit A - Kit E) are 
presented in Table 2. 

Discussion and conclusion 

The study showed that the performances of commercial RT-PCR assays are highly 
dependent on the genetic make-up of the target viruses and RNA copy number in a 
sample. When compared the results of this study with findings of a previous study 
(Toplak et al., 2012) we showed great improvement for new version of kit B which was 
reconstructed by company after observing the poor results of previous study. Another 
commercial kit E have the highest sensitivity, but five positive samples of lineage e 
originated from the same herd were recognized as negative, suggesting that this strain 
can not be detected, even in high copy number in sample. Nevertheless, some 
commercial PCR kits failed to detect more detected lineages in this study or only some 
specific genetic lineages of PRRSV circulating in Slovenia. This high genetic diversity 
of detected strains on small territory is probably the results of importation of infected 
pigs from many different locations. Thus, these findings emphasize that it is crucial 
that diagnostics laboratories and the manufactures of diagnostic PCR kits 
(conventional and real-time) continuously follow the genetic diversity of PRRSV in 
area continuing the evaluation of diagnostics test for especially Type I PRRSV subtype 
viruses and regularly update their primer and probes sequences.  
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Table 1: The results of the detection of 138 PRRSV positive samples from 12 different lineages 
using conventional RT-PCR and five commercial real time kits (Kit A - Kit E) are presented.  

In additional line the results for 118 PRRSV positive samples containing more than 40 copies are 
presented for lineages below data and written in bold (*). 

PRRSV RT-PCR Kit A Kit B Kit C Kit D Kit E 

lineage a (n=1) 1 (100%) 1 (100%) 1 (100%) 1 (100%) 1 (100%) 1 (100%) 

lineage b (n=9) 

*lineage b (n=7) 

9 (100%) 

*7 (100%) 

5 (55,5%) 

*5 (71,4%) 

9 (100%) 

*7 (100%) 

1 (11,1%) 

*1 (14,2%) 

5 (55,5%) 

*5 (71,4%) 

9 (100%) 

*7 (100%) 

lineage c (n=1) 1 (100%) 1 (100%) 1 (100%) 0 (0%) 1 (100%) 1 (100%) 

lineage d (n=1) 1 (100%) 0 (0%) 1 (100%) 1 (100%) 1 (100%) 1 (100%) 

lineage e (n=85) 

*lineage e (n=71) 

61 (71,7%) 

*59 (83,0%) 

5 (5,8%) 

*5 (7,0%) 

84 (98,8%) 

*70 (98,5%) 

6 (7 %) 

*6 (8,4 %) 

63 (74,1%) 

*63 (88,7%) 

74 (87%) 

*66 (92,9%) 

lineage f (n=10) 

*lineage f (n=8) 

8 (80%) 

*7 (87,5%) 

0 (0%) 

*0 (0%) 

10 (100%) 

*8 (100%) 

2 (20%) 

*2 (25%) 

6 (60%) 

*5 (62,5%) 

10 (100%) 

*8 (100%) 

lineage g (n=2) 2 (100%) 0 (0%) 1 (50%) 0 (0%) 1 (50%) 2 (100%) 

lineage h (n=4) 4 (100%) 1 (25%) 4 (100%) 0 (0%) 4 (100%) 4 (100%) 

lineage i (n=3) 3 (100%) 3 (100%) 3 (100%) 0 (0%) 3 (100%) 3 (100%) 

lineage j (n=3) 3 (100%) 0 (0%) 3 (100%) 0 (0%) 0 (0%) 3 (100%) 

lineage k (n=1) 1 (100%) 0 (0%) 1 (100%) 0 (0%) 0 (0%) 1 (100%) 

lineage m (n=8) 8 (100%) 0 (0%) 1 (12,5%) 6 (75%) 2 (25%) 8 (100%) 

unknown (n=5) 

*unknown (n=4) 

0 (0%) 

*0 (0%) 

1 (20%) 

*1 (25%) 

5 (100%) 

*4 (100%) 

0 (0%) 

*0 (0%) 

2 (40%) 

*2 (50%) 

5 (100%) 

*4 (100%) 

Type II (n=5) 

*Type II (n=4) 

4 (80%) 

*4 (100%) 

5 (100%) 

*4 (100%) 

5 (100%) 

*4 (100%) 

0 (0%) 

*0 (0%) 

4 (80%) 

*4 (100%) 

5 (100%) 

*4 (100%) 

n=138 

*n=118 

n=106 (76,8%) 

*n=102 (86,4%) 

n=22 (15,5%) 

*n=21 (17,7%) 

n=129 (93,4%) 

*n=109 (92,3%) 

n=17 (12,3%) 

*n=17 (14,4%) 

n=93 (67,3%) 

*n=92 (77,9%) 

n=127 (92%) 

*n=113 (95,7%) 
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Table 2: The results with obtained Ct values for two field PRRSV strains  
from lineage e (Meo15nam/2011 and Ceb2nam/2011) using 10-fold dilution  

and conventional RT-PCR together with five commercial real time kits (Kit A - Kit E)  
are presented. 

Name of 
sample RT-PCR Kit A Kit B Kit C Kit D Kit E 

Estimated 
RNA copy 

number with 
Kit E 

Meo 10-1 positive >45 17,19 25,9 20,92 16,81 50000000 

Meo 10-2 positive >45 21,42 >45 24,89 20,82 2500000 

Meo 10-3 positive >45 24,53 >45 28,10 24,55 100000 

Meo 10-4 positive >45 28,01 >45 28,26 27,30 10000 

Meo 10-5 positive >45 31,28 >45 31,77 30,43 1000 

Meo 10-6 positive >45 34,17 >45 36,01 33,37 250 

Meo 10-7 negative >45 37,47 >45 >45 37,27 10 

Ceb 10-1 positive 27,9 17,45 >45 16,34 15,58 100000000 

Ceb 10-2 positive >45 21,01 >45 20,88 21,93 2500000 

Ceb 10-3 positive >45 25,29 >45 24,72 25,72 75000 

Ceb 10-4 positive >45 28,76 >45 28,43 29,39 5000 

Ceb 10-5 positive >45 31,78 >45 30,70 32,27 500 

Ceb 10-6 negative >45 35,65 >45 36,01 35,38 50 

Ceb 10-7 negative >45 39,37 >45 >45 38,61 5 
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Figure 1: The phylogenetic tree was constructed using DNASTAR program.  
68 partial ORF 7 nucleotide sequences (258 nt) obtained from samples using in this study are 

presented with 12 genetic lineages of Type I PRRSV and four samples of Type II PRRSV.  
The first numbers in the name of each sample represent the number of the herd where PRRSV 

was detected. 
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Introduction 

The PRRS virus (PRRSV) causes severe economic losses in pig farms almost 
worldwide. The problem of the clinical diagnosis is that no lesion or no clinical sign is 
specific. Moreover, the identification of PRRSV is tricky as the virus show genomic 
differences leading to definition of two main genotypes, European (type 1) and North 
American (type 2), themselves divided into subtypes. 

Methods 

ADIAVET™ PRRS REALTIME PCR kit has been developed and validated according to 
the standard AFNOR XP U47-600-2. The specificity, the limits of detection of the PCR 
(LODPCR) and of the method (LODMETHOD) have been assessed.  

The performances of diagnostic kit were assessed during the international ring trial 
(GD B.V. - Deventer – The Netherlands) in 2012. To obtain a higher number of samples 
and better full range of virus types, two European laboratories have evaluated the kit’s 
specificity on circulating field strains. 

Results 

The ready-to-use ADIAVET™ PRRS REALTIME kit detects simultaneously the 
PRRSV ORF7 gene of both genotypes and an endogenous internal control, the 
housekeeping gene RNaseP. 
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All the 36 PRRSV strains tested (reference = 2, vaccine = 4 and field = 30) were detected 
and no-cross reaction was observed with 63 no-PRRSV organisms. The LODPCR kit’s is 
at 26 RNA copies per PCR reaction and the LODMETHOD at 25.1 TCID50/extraction. 
Expected results were obtained during the international ring trial. 

The kit was successfully used by two European laboratories. The kit’s specificity was 
assessed from particular genotypes of fields PRRSV circulating in Slovenia and Italy 
(218 and 182 samples tested respectively). 

Conclusions 

The new ADIAVET™ PRRS REALTIME kit allows a large detection of European and 
North American PRRSV. It is adapted to detect PRRSV field strains circulating in 
Europe including particular genotypes. The evaluation of its use to detect PRRSV from 
pig oral liquid is in progress in Spain. 

Keywords: PRRS virus, diagnostic, real-time RT-PCR, evaluation, field samples 
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Infections with PRRS virus in swine are very prevalent and economically most 
important for the swine industry, causing respiratory disease in piglets and 
reproductive failure in pregnant sows. PRRS viruses are classified into the European 
(EU/I) and the North American (NA/II) genotype. There are new isolates from Eastern 
Europe and since 2006 a highly pathogenic NA strain of PRRSV (HP PRRSV) emerged 
which is characterized by high fever and high mortality in swine of all ages.  

Purpose of this study was to develop a real-time PCR which allows reliable detection 
and differentiation of PRRSV strains in one test run. 

VIROTYPE® PRRSV RT-PCR uses specific combinations of primer with probe, one for 
RNA of the EU genotype, one for RNA of the NA genotype, one for RNA of the HP strain 
and one for the control RNA (internal control). The assay internal control is mRNA of 
ß-actin housekeeping gene. This guarantees the control of extraction as well as 
amplification. Sample materials are blood, serum, tissue, lung swabs, saliva and semen 
samples from swine. With this test kit the EU and NA genotypes, the HP strain of PRRS 
virus and an amplification- and extraction control can be detected simultaneously. 

To evaluate sensitivity and specificity of VIROTYPE® PRRSV, titration studies with in-
vitro RNA were performed. Serum, tissue and saliva samples were tested in 
comparison to other PCR assays. Due to the high sensitivity of VIROTYPE® PRRSV 
pools of five samples can be tested. Testing the Epizone PRRSV ring trial panel, all 
strains could be detected reliably. East European EU strains and the Lena EU3 strain 
scored positive. More data will be presented. 

Keywords: PRRSV, Highly Pathogenic, real-time RT-PCR, simultaneous detection 
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ABSTRACT 

Testing of swine oral provides a convenient and cost-effective tool for disease 
surveillance in commercial pig herds. Recently, Kittawornrat et al. (J Vet Diagn Invest. 
2012 Mar;24(2):262-9.) described detection of antibodies to PRRS in oral fluids 
adapted using an overnight sample incubation format adaptation of the HerdChek® 

PRRS X3 ELISA, (IDEXX Laboratories, Inc.). In this study, we describe the new IDEXX 
PRRS oral fluids ELISA for same-day detection of PRRS antibodies in swine oral fluids. 
An S/P ≥ 0.4 is considered a positive result. A comparison between the new protocol 
and the standard overnight protocol (SOP) using a set of reference standards consisting 
of pooled oral fluids from vaccinated pigs indicated 100% agreement between the two 
tests, with average S/P values 1.4 to 1.5-fold higher than SOP. Moreover, analysis of a 
temporal series of paired oral fluids and serum collected from individual boars 
vaccinated or experimentally infected with type I or type II PRRSV for up to 21 days 
post-infection (DPI), indicated little difference between the days to detection of anti-
PRRSV antibodies in serum as in oral fluids, as well as a similar ability to detect both 
strains. Compared to PRRS X3 results in paired sera, the new IDEXX PRRS Oral Fluids 
ELISA had a sensitivity of 98.6% and a specificity of 98.6% (at 95% confidence interval; 
kappa=0.97). Finally, evaluation of pen-based oral fluid samples collected at various 
levels of prevalence (0%, 4%, 12%, 20%, and 36%) of antibody-positive vaccinated pigs 
introduced at 14 days post-vaccination into pens of PRRS-negative pigs indicated that 
the new test detects PRRS antibodies in ≥96% of all collection events in pens of at least 
20% prevalence. Taken together, these results describe a new sensitive test for anti-
PRRS antibody detection aimed to support the emerging use oral fluids for frequent 
surveillance of pig herds. 

Keywords  PRRS, Antibody ELISA, Oral Fluids 
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Introduction 

Pen-based oralfluid sampling could be an efficient, cost-effective approach to 
monitordiseases in swinepopulations1. Since 2008, oral fluid specimens are used for 
the detection of PRRSV in the USA2.  

This study evaluatedthe ability of a quantitative RT-PCR method to detect PRRSV type 
1in oral fluidsamples and how sampling methods and post sampling storage conditions 
may affect qRT-PCR results.  

Materials and Methods 

Two methods of collecting oral fluid samples were compared: 1) the TEGO Oral Fluids 
Kit (ITL Animal Healthcare, Melbourne, Australia) and 2) cotton ropes (Sankt Josef 
Werkstadt, Dorfen, Germany). Oral fluid samples from PRRSV negative pigs were 
collected and divided into aliquots of 270 µl. To ensure uniformity, an equal dose (6x107 
copies) of PRRSV (Porcilis® PRRS,Intervet BV, Boxmeer, The Netherlands) was added 
to each aliquot.Sampleswere stored for 0, 2, 12, 24, 48, 72, or 96 hours at different 
temperatures (10 °C, 4 °C and -20 °C). Viral RNA was extracted from oral fluid 
specimens using a commercially available viral RNA isolation kit (QIAamp® Viral RNA 
Mini Kit, QIAGEN GmbH, Hilden, Germany). A commercial qRT-PCR kit containing 
NA und EU PRRSV specific Taqman probes (Applied Biosystems, Forster City, CA) 
was conducted for genome quantification. 

mailto:Robert.Graage@vetmeduni.ac.at
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Results and Conclusion 

EU PRRSV genomecould be detected in oral fluid collected with both, the TEGO Oral 
Fluids Kit (n=29) and cotton ropes (n=29). PRRSV-RNAwas detectable over 96 hours 
at all assessed temperatures. Results obtained by this study will help to formulate 
recommendations for the collection and handling of oral fluid samples in order to 
optimize PRRSV detection.  

Key words: PRRSV, oral fluid, swine, PCR 
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Abstract 

The objective of this document is to share experiences using ELISA for PRRSv sow 
herd stability monitoring measured through quality tools during PRRS control 
implementation programs.  We used boxplots to measure variability of SP values in 
previous structured and standardized sampling protocols in sow herds. We observed a 
reduction of SP values standard deviation as farms achieved stability. This 
methodology can represent an alternative tool to measure PRRSv sow herd stability. 

Introduction 

Porcine Reproductive and Respiratory Syndrome (PRRS) has a high economic impact 
worldwide. In industries like USA, there has been documented a negative impact of 1.8 
million per day1. Its control in farms is difficult, therefore a holistic approach of 5 steps 
is recommended: 1. Identify desired goals, 2. Determine current PRRS status, 3. 
Understand current constraints, 4. Develop solutions options. 5. Implement and 
monitor preferred solutions.  PRRS control strategies in sow herds should be focusing 
in: prevent infection, maximize immunity and minimize exposure.  Sow herd stability is 
defined as an absent of clinical signs attributed to PRRSv and no evidence of resident 
virus circulation within the population2.  Sow herd stabilization achievement along 
with a monitoring plan, should be at the top of the list when we structure a control 
program. It is important to mention that using diagnostic tools, we always have in 
consideration the following factors: a)The goal of testing; b)The desired accuracy and 
confidence level, c)The cost of sample collection and testing and d)The inherent 
characteristics of the testing assay and testing methods (frequency of sampling vs size 
of sampling)3. There are different approaches for sampling sow herds to measure 
stability; in the US, the most common approach is sampling 30 piglets ready to wean 
every two weeks and tested for PRRSv by PCR using pooled serum (5:1), when the farm 
has 3 consecutive groups of PCR negative, they categorize the sow herd as PRRS stable4. 
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Another option for measuring sow herd stability is using ELISA test; this approach is 
well used in other countries like Mexico, it measures PRRSv exposure and combines 
both epidemiology analysis and quality control tools. The objective of this document is 
to share experiences using ELISA IDEXX for sow herd stability monitoring measured 
through Boxplot charts as one more option in the solutions box for PRRS control.   

Combining serology with quality tools to monitor sow herd 
stability 

Monitoring for serum antibodies to PRRSv is a powerful diagnostic tool for 
determination of the exposure status on an animal.  ELISA serology is simple to 
perform, less expensive than PCR, easy to implement and reliable and reproducible 
across diagnostic laboratories5. Based on the characteristics of this test, the following 
points should be taken in consideration when using ELISA to measure sow herd 
stability: It measures exposure, not protection; there is a consistent absence of 
anamnestic antibodies response in present of complete protection Vs disease, in other 
words, PRRS antibodies presence is not correlated to protection; it is unable to 
distinguish vaccinated from infected sows and seropositive sows become seronegative 
overtime or following repeated vaccination. Considering the test’s characteristics and 
the objective pursued with sow herd stabilization (reduction of PRRS resident virus 
within sow herd), the monitoring of ELISA IDEXX sow serology profiles in a 
standardized way to measure variability of SP values has been implemented using 
boxplot charts.   

A boxplot (also called box-and-whiskers plots) is a data exploration tool to analyze 
and find trends and relationships identifying unique characteristics of the data 
analyzed. It facilitates the description and interpretation of the data6. It gives 
information about shape, dispersion and center of the data: Central tendency, 
dispersion stats, skew and outlying measurements. Figure 1 shows main elements of a 
boxplot7 
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Figure 1. Components of a boxplot. 

Outlier – an unusually large 
or small  
observation. Values  
beyond the whiskers are  
outliers. 

The top of the box is the  
third quartile (Q3)–75%  
of the data values are less  
than or equal to this value. 

The bottom of the box is  
the first quartile (Q1) –  
25% of the data values  
are less than or equal to  
this value.  

  

 

The upper whisker 
extends to the highest 
data value within the 
upper limit. Upper  
limit = Q3 + 1.5 (Q3 – Q1) 

Median – the middle 
of the data. Half of the 
observations are less 
than or equal to it. 

The lower whisker 
extends to the lowest 
value within the lower 
limit. Lower limit =  
Q1–1.5 (Q3 – Q1) 

 
LSSBB Handbook 2nd ed. 2008 

In the following cases presentation at figures 2 and 3, ELISA IDEXX sow herd profiles 
were analyzed in boxplots as a measuring tool during PRRS control plan 
implementation using MLV as primary tool in farms located in Mexico. The sampling 
protocol was determined at the beginning of the monitoring taking a minimum of 35 
animals as sample size, distributing the sampling by parity (P0, P1, P2, P3, P4+) then 
implementing the same sampling structure at every sampling point.  We observed a 
reduction of variability of SP values as we were achieving sow herd stabilization. These 
reductions of the standard deviation in the SP values were linked to PCR negative 
results and reproductive parameters improvements at every farm, suggesting a 
correlation between these observations. These observations can be interpreted in the 
following direction: as the farms achieve the stabilization through mass vaccination, 
there is an elimination of subpopulations and a reduction of resident PRRSv 
circulation as well as exposure, resulting in less variability in ELISA serology SP values 
results. 

 
 

* 
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Figure 2. Boxplot of PRRSv ELISA IDEXX 
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Figure 3. Boxplot of PRRSv ELISA IDEXX 
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Recommendations 

This methodology can represent another tool to measure sow herd stability to 
practitioners in the field. It is important to add additional measurements like clinical 
signs monitoring, reproductive parameters monitoring as well as clinical diagnostic 
processes in order to integrate the information and evaluate interventions 
implemented and link those tools with goals. Simple tools like Boxplots can add value 
to the analysis, interpretation and decision making process in PRRS control. 
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Abstract 

Porcine reproductive and respiratory syndrome (PRRS) has for nearly 3 decades been 
economically one of the most important swine diseases. Despite intensive research 
focus, many unanswered questions remain regarding the pathogenesis of PRRSV. In 
situ hybridization (ISH) is generally considered a more useful diagnostic tool than 
immunohystochemistry (IHC) and may be helpful in further research of pathogenesis. 
ISH is able to detect virus in non-progressive stages therefore the length of successful 
detection after infection is expected. It is not widely used, however, because of 
problems with specificity of the oligonucleotide probe due to the pronounced diversity 
of the PRRSV genome. The aim of the present study was to evaluate a PRRSV specific 
ISH protocol, Three, non-overlapping PRRSV specific 20 nucleotides, DIG labeled 
oligonucleotide probes were designed targeting the ORF7 region. The probes were 
specific designed to recognize PRRSV Type I isolates only. A total of 19 positive PRRSV 
paraffin blocks from different organs and infected with different strains were tested as 
well as a negative control. All samples were simultaneously tested by IHC using 
different anti-PRRSV monoclonal antibodies. Five experiments of ISH were performed, 
using a pool of 1 nmol of each of the three oligonucleotide probes with two different 
prehybridization temperature (105°C and 80°C) and time (5 and 10 min), using 0.5 
nmol of each of the probes separately with prehybridization on 105°C during 5 min. 
Positive signals were detected in alveolar macrophages in lungs, in hystiocytes in 
lymph nodes, Payer patches and tonsils, in macrophages, on inflamed area in ileum and 
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in glomerular cells. ISH showed better sensitivity than IHC while there was an obvious 
discrepancy between sensitivity among the probes 
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Porcine reproductive and respiratory syndrome, in situ hybridization 
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OVERVIEW ON CHINESE PRRS SITUATION 

Hanchun Yang 
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Diseases have become an issue affecting the sustained development of swine 
production in China. Among the involved diseases, porcine reproductive and 
respiratory syndrome (PRRS) ranks the first one since the emergence of highly 
pathogenic porcine reproductive and respiratory syndrome virus (HP-PRRSV) in 2006.  

1. PRRS is an endemic viral disease in China 

PRRS caused by HP-PRRSV is endemic. A number of sporadic outbreaks remain to 
occur, mainly in small- and middle-size pig farms, as well as in fewer negative-PRRS 
intensive pig farms without better biosecrity. Some of pig farms suffer clinical 
outbreak due to the importing of breeding pigs carrying HP-PRRSV. The affected pig 
herds exhibit high morbidity and mortality. The diseased pigs still show complicated 
clinical signs including high fever (41-42°C), rubefaction on the skin, respiratory 
disorders, gastrointestinal signs (diarrhea) and neurological disorders, and severe 
reproductive failures in sows, as well as severe bacterial secondary infection. 

2. HP-PRRSV is the dominating virus causing clinical outbreak of 
PRRS 

HP-PRRSV is the dominating virus causing clinical outbreaks of PRRS in the field. 
According to our molecular epidemiological monitoring of PRRSV, 86% of viruses 
belonged to HP-PRRSV in 2009, 88.9% in 2010-2011. PRRSV strains isolated from the 
pig farms with clinical outbreaks are HP-PRRSV from 2010 to 2012 in our laboratory. 
We have found that, during the epidemic of HP-PRRSV, its genome has exhibited 
minor/major variations in partial coding regions, especially in Nsp2-coding region and 
some structural protein-coding regions. 
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3. Diversity of genotype 2 PRRSV in China 

Majority of PRRSV including HP-PRRSV belong to the genotype 2 in China. However, 
the genetic diversity of PRRSV exists in the field and the viruses can be divided into 
three subgroups/lineages (Fig. 1). Some strains have been found to be evolved directly 
from the vaccine virus. Also the recombinant viruses between the vaccine virus and 
field virus have been monitored.  

4. Emergence of genotype 1 PRRSV in China 

Additionally, the viruses of genotype 1 have been isolated recently and characterized 
from the samples of pigs with/without clinical signs. These strains show the 
differences in genome (Fig. 2). 

 

 

Fig.1. Phylogenetic analysis based on the deduced amino acid sequence  
of Nsp2 genes of recent Chinese field strains of PRRSV 
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Fig. 2. Phylogenetic analysis based on the genomic sequences  
of Chinese genotype 1 PRRSV strains  Chinese strain 

5. Overuse of attenuated live vaccine 

Vaccination is the primary measure for preventing and controlling PRRS in China. To 
date, several attenuated vaccines derived from HP-PRRSV strains by passage on 
MARC-145 cells have been used in practice. Mass vaccination using these live vaccines 
is routinely performed in sows and growing pig herds. However, the safety of the 
vaccine derived from HP-PRRSV needs to be concerned. And much attention should be 
paid to its reversion to virulent virus besides its pathogenicity to pregnant sows and 
piglets. Clinically, a number of outbreak cases (including diseased piglets and sows’ 
abortion) directly associated with the vaccination have been observed. Undoubtedly, 
the continued spread of the highly pathogenic PRRSV and currently overuse of HP-
PRRSV-derived live vaccine in pig farms will enhance the genetic diversity of PRRSV 
and further aggravate the complicated situation of PRRS in China. Therefore, we need 
to emphasize the role of biosecrity measures and reasonable use of attenuated live 
vaccine in controlling PRRS. 
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Abstract 

Porcine reproductive and respiratory syndrome (PRRS) is an endemic disease of pigs, 
caused by PRRS virus, a member of the Arteriviridae family.  First seen in Britain in 
1991, the disease continues to be a significant economic and welfare problem for pig 
producers, not only in Britain but worldwide. 

To date, only PRRSV genotype 1 has been found in Britain.  Genetic analysis of multiple 
gene regions has shown a considerable increase in the diversity of PRRS viruses 
isolated in Britain in the last decade, versus the early 1990’s.  While some recent 
isolates are still very similar to early isolates, a wide range of more diverse viruses is 
now also circulating.  The diversity has been shown to extend to the antigenic level too, 
with potential consequences for diagnostic methods.  Antigenic diversity was assessed 
using a panel of twelve monoclonal antibodies, only one of which reacted with all 
isolates tested.  Nine diverse viruses were compared as potential antigens in 
immunoperoxidase monolayer assays, where each one produced quite different results 
for a common panel of sera.  As a single virus is used in each diagnostic assay, results 
must therefore be interpreted cautiously.   
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For a real-time RT-PCR assay, published oligonucleotide primer and probe sequences 
were evaluated against available genetic sequences of British and European viruses, 
and were re-designed where considerable mismatches were found.  The multiplex 
assay incorporating these modified primers to detect genotype 1 and 2 PRRS viruses 
was then validated for use with diagnostic sera and tissues. 

As the increasing degree of diversity exhibited by British strains is mirrored in other 
countries, PRRSV will continue to provide an ongoing challenge to diagnosis at a global, 
as well as national level. 

Introduction 

The emergence of highly pathogenic strains of PRRS virus in North America, Asia and 
Eastern Europe (Han et al. 2006, Li et al. 2007, Karniychuk et al. 2010) has highlighted 
the potential for changes in the virus to result in increasingly pathogenic strains.  This 
demonstrates the need to follow the evolution of existing virus strains, so that new 
strains emerging with increased virulence can be documented.  It also highlights the 
need to review the efficiency of diagnostic tests designed to detect PRRS virus and 
antibody, as well as the potential efficacy of vaccines. 

The situation regarding PRRS in Britain is different from most of the rest of Europe, as 
it is an island nation, with minimal imports of live pigs or semen, and only one live 
attenuated vaccine being so far licensed for use against PRRS.   

Methods 

The objectives of the studies discussed here were to assess the genetic diversity of 
PRRS strains circulating in pig herds in Britain, and the potential impact of the 
antigenic and genetic diversity on the efficiency of routine diagnostic methods.   

For the genetic analyses, a population of 278 British viruses was used.  Those examined 
between 2003 and 2008 (147) were obtained from clinical material submitted from 
confirmed or suspected outbreaks of PRRS in Britain, using virus isolation rather than 
molecular detection.  Additional samples from 2009 to present (131) were similarly 
obtained, but following detection by PCR rather than virus isolation. 

The degree to which the observed sequence diversity affected antigenic diversity, as 
well as whether the results of any serological tests might be compromised by this 
variation were evaluated.  In addition, for detection of virus, a published diagnostic 
PCR method was assessed and optimised to detect the diverse strains found to be 
circulating in Britain. 

The detailed methods and results have been published elsewhere (Frossard et al. 2008, 
Frossard et al. 2012). 
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Results and discussion 

Specific nucleotide sequence data was obtained from various regions of the virus 
genomes, including ORF7, ORF5 and ORF3.  Comparisons were made using this data, 
sequences from British isolates from the 1990s, as well as published information from 
other countries (figure 1).  All of the isolates analysed belonged to genotype 1, 
supporting the hypothesis that genotype 2, which was introduced to Scandinavia and 
subsequently spread in continental Europe, has not yet reached Britain.  It therefore 
remains vital that the risk of importing genotype 2 virus from continental Europe or 
elsewhere is recognised and precautions are taken to reduce this risk.  

Nucleotide sequence comparisons were generally consistent whichever of the three 
gene regions were examined.  The most fundamental changes were seen in ORF3, 
where the size of the gene product was sometimes affected by deletions or early 
terminations.  As in other countries, ORF5 is now routinely used in Britain for 
screening potential epidemiological links, while ORF7 is used for most diagnostic 
applications. 

The observed increase in diversity of circulating PRRSV strains from the 1990s to the 
present is considerable, as the span of ORF3 nucleotide sequence similarity dropped 
from 95% then to just 84% now. 

Detailed analysis of the resulting protein sequences for the nucleocapsid, GP5, GP5a 
and GP3 products demonstrated that dispensible areas identified previously 
(Oleksiewicz et al. 2000) undergo higher mutation rates than those crucial for protein 
folding and function, such as cysteine residues forming disulphide bonds, and n-
glycosylation sites and signal sequences. 

The effect of the nucleotide sequence diversity was confirmed at the antigen level for a 
subset of the samples by profiling the reactivity of viruses with a panel of monoclonal 
antibodies.  A greater number of different reactivity profiles were seen for the present 
samples (19) than for those from the 1990s (3), albeit a greater number of recent 
samples was examined (80 versus 11).  This confirms that the diversity of virus isolates 
revealed genetically also extends to the antigenic level.   

The IPMA test is used in Britain to differentiate between genotypes for ELISA-positive 
samples, for which the British H2 virus strain is used as genotype 1 antigen.  We have 
shown that the use of different viruses as antigen produces quite different results for a 
panel of sera being tested, with titres varying from 0 to 320 for one serum sample, and 
from 80 to 5120 for another.  As the IPMA test by design incorporates many more 
potential epitopes for antibody binding than most ELISA tests, this results in more 
scope for variation in the results as well as for improved detection of antibodies from 
infection with heterologous viruses. 
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A multiplex real-time RT-PCR assay was developed, based on a published assay.  A 
method was chosen that differentiated genotype 1 and genotype 2 viruses, targeting an 
area of ORF7, to ensure the largest abundance of template RNA.  Using the sequence 
information obtained from British viruses, the assay was optimised and then validated 
for use in confirming the presence of PRRS virus in diagnostic tissues and sera. 

While the validation was performed mainly with British samples, ongoing 
confirmation of the test’s ability to detect other PRRS viruses, including recently 
described variants from eastern Europe (Stadejek et al. 2008) is necessary.  While 
continuing in silico analyses with recently published PRRSV ORF7 nucleotide 
sequences will provide an indication of potential problems for the assay, full evaluation 
will rely on the testing of actual field sample material, for example through 
participation in organised ring-trials with international collaborators. 

The topography of the ORF5 phylogenetic tree suggests that use of the modified live 
vaccine in Britain has exerted a selective pressure on the virus population, so that 
viruses quite different from the vaccine strain continue to evolve rapidly, while viruses 
similar to the vaccine are prevented from doing so as quickly. This supports the 
hypothesis that the use of this live vaccine is restricting the circulation of some virus 
strains more effectively than others. 

 
 

 

 

 

 

 

 

 

 

Figure 1: Phylogenetic analysis of PRRSV ORF5 nucleotide sequences from 236 recent British 
isolates and 15 British isolates from the 1990s (all black circles), and 458 Worldwide isolates.  

Alignment of the sequences was performed with the ClustalW algorithm, and phylogenetic 
analyses (neighbour-joining method with bootstrap test, 1000 replicates) were conducted using 

MEGA software version 3.1. The scale bar represents five nucleotide changes per hundred. 
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Conclusion 

The demonstration of an increasing diversity among the population of PRRS viruses in 
Britain confirms earlier reports from elsewhere (Fang et al. 2007, Prieto et al. 2009, Shi 
et al. 2010) and indicates that challenges for diagnostic and immunisation methods 
continue to increase accordingly (Labarque et al. 2004, Indik et al. 2005).  As even 
small changes in particular areas of the virus genome can have a significant impact on 
diagnostic methods that rely on nucleotide sequence recognition or epitope recognition 
by a monoclonal antibody, a combination of detection methods should be considered to 
ensure the highest likelihood of detecting PRRS virus infection. 

For the IPMA, the choice of virus used in the test will greatly affect the results obtained 
– even to the point where serum samples may appear antibody negative if mounted to a 
very heterologous virus.   

For the RT-PCR, our study has highlighted the need to constantly monitor the diversity 
of viruses occurring in a region or country and check the ability of existing primers and 
probes to detect them. 
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Objectives 

Porcine reproductive and respiratory syndrome virus (PRRSV) belongs to two 
genotypes: 1 (formerly European) and 2 (formerly American). Pevious investigations 
revealed extreme genetic diversity of genotype 1 PRRSV in countries located east from 
Poland (Belarus, Lithuania, Ukraine, Latvia and Russia). Four genetic subtypes have 
been defined within genotype 1 PRRSV. Subtypes 1-4 were found only in countries east 
from easterm Polish border while subtype 1 is common west from eastern Polish 
border. However, the number of PRRSV sequences available from other countries 
neighboring of central Europe is low and the true distribution of the diverse strains of 
genotype 1 PRRSV is unknown. 

The aim of the study was to collect and characterize PRRSV strains from different 
Central European countries: Poland, Hungary, Croatia, Romania and Serbia.  
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Methods 

Samples of serum, aborted fetuses or lungs were submitted for diagnosis to the authors’ 
laboratories. Total RNA was extracted, complete ORF5 sequences were amplified and 
sequenced. The sequences were assembled and analysed using the Lasergene and the 
ClustalW software. As a reference, a set of ORF5 sequences representing the full range 
of EU-PRRSV diversity (all four subtypes, and sequences of MLVs) was used. The 
reference Type 2 sequence (VR2332), the Canadian reference strain (“Quebec”), and 
the American MLV sequences were also includedResults 

In total we obtained 27 ORF5 sequences from Poland, 18 from Hungary, 13 from 
Romania, 12 from Serbia and 8 from Croatia. The analys revealed, that they belonged to 
genotype 1 and genotype 2. All genotype 2 sequences were clustered in genetic subtype 
1. No sequences of subtypes 2-4 were identified. Differences in within country 
diversity was observed. Sequences from Poland and Hungary belonged to several 
genetic clusters, Romanian sequences belonged to two genetic clusters and Croatian 
and Serbian sequences belonged to single clusters. In Poland, Romania, Hungary and 
Croatia sequences resembling genotype 1 vaccine strains were identified. In Poland, 
Hungary and Romania sequences having >95% identity to Amervac (HIPRA) vaccine 
were found while in Poland, Hungary and Croatia sequences having >95% to Porcilis 
PRRS (MSD) were found. All farms where Porcilis PRRS sequences were found applied 
Porcilis PRRS vaccine so it can be speculated that the local strains were originating 
from the vaccine strain which was described before. Interestingly, Amervac PRRS 
vaccine was not used in any of the farms where Amervac-like sequence was found. 
Genotype 2 strains were found in Hungary and Poland. Most of them was highly similar 
to Ingelvac PRRS MLV (Boehringer Ingelheim) strain (>95% nucleotide identity). In 
one Polish farm a strain sharing 93.7% was detected. These farms used Boehringer 
Ingelheim vaccine at the time of sampling, or in the past. In one Hungarian farm 
genotype 2 strain not related to Boehringer Ingelheim vaccine was identified. The 
nucleotide identity to Ingelvac strain was only 87.7% and this sequences clustered with 
Canadian Quebec and USA MN184 strains. 

Additionall, ORF7 sequences were obtained from selected samples. Generally, the 
results of ORF7 sequence analysis recapitulated clustering obtained from ORF5. In one 
Romanian ORF7 sequence three nucleotide insertion between nucleotides 35 and 36 of 
Lelystad virus sequence was identified. ORF7 sequence of this strain was 390 nt long. 

Discussion 

It can be concluded that genotype 1 strains circulating in Central Europe exhibit level 
of genetic diversity similar to those from Western Europe. No indications were found 
of circulation of Eastern European variants in Central Europe. Differences in within 
the country diversity in different Central European countyries can be explained by 
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different history and scale of import of live pigs. Further studies are needed. The 
finding of Romanian ORF7 sequece with 3 nt insertion indicated that ORF7 is prone to 
this kind of mutations as it was preaviously found in Eastern European subtypes. 
Similar finding was described in Slovakia (Jackova et al. 2012) but in this case 
mutation in the stop codon caused generation of extremely long 399 nt ORF7.  
Unexpected variability on this ORF however might have an impact on the performance 
of ORF7 based in-house, or commercially available RT-PCR based molecular detection 
assays, as observed by Toplak et al. (2012). 

Identification of sequences similar to vaccines is not suprising as this is common 
feature of modiefied live vaccines against PRRSV to shed and transmit between pigs. 
However, in case of Amervac-like sequences no direct link to the vaccination was 
established. Also, it is difficult to conclude on the true identity of these strains based on 
small fragment of the genome. Full genome sequencing is needed to fully asses this 
observation. 

It is important to note that not all type 2 sequences found in Europe are coming from BI 
vaccine. In Hungary (and also in Slovakia) wild-type, Quebec-like type 2 strains have 
been detected, and isolated. Surprisingly the presence of this strain is limited to 2 
farms in Hungary that belong to the same owner and are in direct contact with each 
other. From time to time we can identify the virus and the genetic drift seems to be very 
limited, as only minimal change was observed in the ORF5 gene from 2004 till 2012. 
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The results of this study concern the detection of antibodies against PRRSV in pig serum 
from 25 regions of Ukraine. The results indicate porcine reproductive and respiratory 
virus (PRRSSV) circulation in 60 farms from 19 regions of Ukraine. The final results 
show trends of spreading PRRSV in Ukraine from 2005 to July 2012. 

 

Due to losses associated with the reproductive and respiratory problem in pigs PRRSV 
is considered to be an economically important viral pathogen in the pork industry [2]. 
Porcine reproductive and respiratory syndrome virus are currently prevalent in most 
pork producing countries. [1, 2].The epizootic PRRSV situation in Ukraine wasn’t 
studied enough that is why our main aim was to study the spread of the porcine 
reproductive and respiratory syndrome virus in Ukraine. 

Materials and Methods  

For the detection of PRRSV antibodies, 166 herd were examined In period 2005 -July 
2012. The sampling of blood serum from animals of different age groups was carried 
out. Biological material was delivered in thermal containers with ice. For this study 74 
597 serum samples were collected from animals from all 25 regions of Ukraine. 

Sera were tested for the detection of PRRSV antibodies by ELISA (IDEXX HerdCheck 
PRRS X2 ELISA in 2005-2009 years and then IDEXX HerdCheck PRRS X3 ELISA, 
USA). The testing procedure was performed according to manufacturer’s manual. 

The presence of maternal antibodies to PRRSV and the fact of their decreasing to 9 
weeks of animal life were also taken into account [4, 10]. To obtain reliable results, 
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serum samples were tested from animals of different age groups of one farm [9] in an 
amount not less than 12 [4]. 

Results and their Discussion 

In the period from 2005 to 2012 we carried out serological study in 166 farms from all 
regions of Ukraine. It is necessary to say that some of this farms (nearly 15%) 
disappeared during this period and some new appeared. There for it is hard to show full 
retrospective diagnostics of PRRSV in Ukraine. In our study we tried to show main 
tendency of spreading this pathogen in Ukraine during the last 8 years and to show the 
real PRRSV situation nowadays. 

In 2005 we performed first study of the distribution PRRSV in 18 regions of Ukraine. 
The circulation of the virus was detected only in Donetsk region and Crimea. Epizootic 
situation of Kiev and Zhitomir regions required additional investigations as there were 
farms, where we detected single PRRSV-positive animals. For avoiding false positive 
results (<3 %) we suggested that this farms needed additional studies and further 
monitoring of blood serum to study the dynamic of for the level of antibodies to PRRSV 
and to determine the number of PRRSV positive animals in these farms. 

In 2006 we recorded the PRRSV positive animals by ELISA in farms from seven 
regions of Ukraine. It should be emphasized that the study confirmed the presence of 
circulating PRRSV in farms of Kiev region in 2006. It is needed to add that in 2006-
2007, Havrasyeva et.al also studied the distribution PRRSV. During this year the 
circulation of the virus was confirmed in 12 regions [15]. Taking into account the 
results of Havrasyeva et.al. and ours the PRRSV distribution was showed in 12 and 15 
regions of Ukraine in 2006 and 2007 years respectively [15]. So in 2006 year Ivano-
Frankyvsk, Donetsk, Zaporozhe, Kyiv, Kirovograd, Odessa, Poltava, Sumy, Cherkassy, 
Crimea regions were serologicaly PRRSV positive. Also we’ve summarized our data 
with results of Havrasyeva et.al and we found the circulation of the virus also in 
Vinnitsa and Dnipropetrovska regions in 2007 [15].  

It should be noted that the study confirmed the presence of circulating PRRSSV in 
farm of Zhytomyr region in 2008. And in 2009 year our results of the serology 
monitoring showed the presence of PRRSV circulation also in Rivne region.  

All this data are regarded as an evidence of the fast spreading PRRSV through Ukraine. 
In 2005 year we detected only two regions where the serum samples were serologicaly 
PRRSSV positive. In fact in 2009 we found PRRSV positive farms in 15 regions of 
Ukraine. 
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The results of our study in 2010 year showed the significant increasing of PRRSV 
positive farms. Such a huge amount of positive herds serologically detected could be 
connected with spreading of the PRRSV in Ukraine, but also in some extend it could be 
connected with the switching on the more sensitive ELISE test system.  

We regarded farm like PRRSV positive in case if more then 25 % of tested serums were 
positive and positive status was confirmed at list twice in different time. Farms which 
were recorded by single PRRSV positive animals and were negative in previous studies 
need additional research and further monitoring. 

During 2010- July 2012 we continued to study the level of PRRSV antibodies and 
determined the number of PRRSV positive animals in the 228 farms from all regions of 
Ukraine. We concern that 60 farms from 19 regions of Ukraine can be indicated as 
positive for PRRSV farms (Table 1). Also we should noted that PRRSV positive serum 
in amount less than 3 were detected in the herds of Poltava, Ternopol, Kherson regions. 
We believe more research is needed to monitor dynamic of PRRSV antibodies in serum 
for the establishment of the epizootic situation in the farms in these areas. PRRSV was 
not detected only in herds from Lugansk, Mucolayv regions (Table 1).However we want 
to note that the number of samples that we examined in tose regions were insufficient 
for analysis of epizootic situation and therefore, more research is needed. 

In general, we have analyzed 74 597 serum samples from 166 farms in 25 regions of 
Ukraine during 2005-July 2012. 5365 serum samples were PRRSSV positive 
serologicaly. Our data from 2005-2009 years are regarded as an evidence of the fast 
spreading PRRSV through Ukraine. The analyze of the situation during 2010-July 2012 
years showed the presence of PRRSV circulation in 19 regions of Ukraine ( Table 1). 
PRRSSV circulation was detected in 60 herds, while the situation of the disease in 5 
farms remains uncertain. It requires additional studies (Table. 1). Our results add new 
information to the existing information about spreading PRRSSV and indicate the 
trend of spreading the pathogen in the farms of Ukraine. 
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Table 1. PRRSV status of Ukraine farms during 2010-July 2012 

№ Region No. of farms No of positive 
farms 

%, of seropositive 
farms 

 in region 

1 Vinnitsa 12 5 42 

2 Volyn 4 1 25 

3 Dnypropetrovsk 18 7 39 

4 Donetsk 16 6 38 

5 Zhytomyr 8 3 38 

6 Zaporyzha 14 4 29 

7 Zakarpatska 4 1 25 

8 Kyiv 25 6 24 

9 Kirovograd 6 3 50 

10 Lugansk 4 0 0 

11 Lvyv 14 3 21 

12 Mykolayiv 3 0 0 

13 Odessa 6 1 0 

14 Poltava * 10 0 0 

15 Rivne 3 1 33 

16 Sumy 7 3 43 

17 Ternopil * 1 0 0 

18 Kharkiv 11 3 27 

19 Kherson* 9 0 0 

20 Khmelnytsky 9 3 33 

21 Cherkassy 16 2 13 

22 Chernivtsi 5 3 60 

23 Chernihiv 16 5 31 

24 Crimea** 3 1** 0 

25 Ivano-Frankyvsk 4 1 25 

Total 24 regions and Crimea 228 60 27 

* regions requires further research to establish the epizootic situation based on a small number 
of serologically positive animals. 
** PRRSV positive animals were detected in 2010 year, but were negative in 2011 and 2012. 
 
Within a herd, PRRSV can rapidly spread through nose-to-nose contact and inutero 
infections [3, 12]. There are a number of factors to the contribution of PRRSV such as 
animal welfare, increasing herd size, carriers from purchased animals, and sperm [3, 
12]. Infection can also be spread through PRRSV-contaminated clothing, via injection 
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[3]. Active animal trade, the purchase of pigs, and semen from different farms in 
Ukraine, from abroad, insufficient management and a high variability of the pathogen 
can cause the spread PRRSV in Ukraine. 

Conclusions and Prospects for Further Research 

The results showed the tendency of PRRSV spreading in Ukraine during 2005-2009 
years. The analyze of the situation during 2010-July 2012 years showed the presence of 
PRRSV circulation in 60 herd in 19 regions of Ukraine. In contrast we found PRRSV 
positive farms in 3 herds of 2 regions of Ukraine in 2005. Our results significantly add 
the existing information about PRRSV spreading and indicating the spreading trend of 
the pathogen through Ukraine. For further analysis of the PRRSV situation it is 
important to create a bank of PRRSV isolates from different regions of Ukraine to make 
their genetic analysis . 
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The genetic variability of Porcine Reproductive and Respiratory Syndrome virus 
(PRRSV) and the relationship between the genetic variability, the geographical and 
temporal distribution of the virus strains were investigated. Samples were collected 
from 18 farms in the north of Italy between 2006 and 2009, a total of 541 litters from 
pure breeds pigs (Duroc, Large White, Landrace and Pietrain) were monitored, of 
which 266 were positive for PRRSV.  

The open reading frame of glycoprotein 5 (GP5) and nucleocapsid (N) were obtained 
from at least one of the piglets from each litter positive for PRRSV. A total of 248 ORF5 
sequences from 235 litters and 288 ORF7 sequences from 266 litters were generated. 
The sequence data showed that all isolates were of genotype 1 (sub-type 1) and 
clustered according to the farms from which they were collected. The data highlight 
that PRRSV strains evolve rapidly on individual farms, and temporal evolution of 
PRRSV is an important factor of genetic variability. 

Analysis of glycosylation sites in the GP5 ectodomain revealed that north Italian 
PRRSV isolates had seven putative N-linked glycosylation sites (N35, N36, N37, N45, 
N46, N51, N52 and N53). We studied the effect of the glycosylation of GP5 on the 
infectivity of the virus (measured as the percentage of PRRS positive piglets in each 
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litter) and ADGs within different breeds. We assessed the correlation between the 
genetic distance among the PRRSV isolates and the geographic distance between the 
sites from which these isolates had been sampled. Similarly, we studied the correlation 
between temporal (sampling time) and genetic distances among the PRRSV isolates. 
Moreover we addressed the hypothesis of the commercial semen from artificial 
insemination centres as an eventual source of viral infection. 
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Recombination of different PRRSV strains has been reported both in vitro and in vivo. 
However field evidences of recombination are rare and mainly obtained comparing 
sequences from large-scale sampling (i.e. countries). This work investigates this 
phenomenon on a smaller scale using 213 samples (serum and lung) originating from 
three regions of northeastern Italy, collected during 2009-2012. ORF5 and ORF7 
sequences obtained from these samples plus those derived from Pesente et al., (2006) 
were included in this study. Recombination analysis was performed using RDP3 on 
ORF5, ORF7 and their concatenation. GP5 T and B cell epitopes were predicted in 
silico using NetCTLpan 1.1 and NetMHCII 2.2 servers as well as data from literature. 
Phylogeographic history of migration patterns of PRRSV strains among provinces of 
northeastern Italy was inferred using the Bayesian framework implemented in BEAST. 
A total of 114 ORF5, 84 ORF7 and 50 concatenated sequences were obtained. Three 
recombination events were strongly supported. Two showed at least one breakpoint in 
the non-sequenced region between ORF5 and ORF7. Another recombination event 
spanned a region within ORF5 including part of the major neutralizing epitope. 
Moreover partially different T-cell epitope were discovered, suggesting a potential role 
in facilitating the antigenic escape. Since major and minor parents and recombinant 
strains were sampled at different time points in the same farm, co-circulation and a 
certain fitness of recombinant virus were demonstrated. Phylogeography reveals 
several strongly supported migration rates among provinces. The presence of rapid and 
effective transmission of moderately different strains between farms creates 
appropriate conditions for co-infection to occur, justifying the high number of 
recombination events recorded. Further studies and field sampling should be devoted 
to demonstrate the effect of recombination on viral fitness and pathogenicity, 
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providing further insight in the still highly debated role of recombination on PRRSV 
evolution. 

Keywords: PRRSV Italy recombination ORF5 ORF7 

INTRODUCTION 

Since its recognition PRRSV has emerged as the most prevalent pathogen of swine in 
the world. Great genetic variability has been demonstrated between different strains. 
Two main genotypes have been identified sharing only 50-70% nucleotides and 50-80% 
amminoacids [1]. In addition, mean nucleotide diversity within European and 
American genotypes has been estimated to be about 15% and 12,5%, respectively [1, 2]. 
Genetic variation in RNA viruses is assumed to result primarily from RNA polymerase 
infidelity. However, even though the role of recombination in RNA viruses evolution is 
still debated [3], several Authors assert that it represents an important source of 
genetic diversity in PRRSV [4, 5], playing a potential role in virulence, antigenic escape 
and diagnostic failure. Several studies have demonstrated recombination both in vitro 
and in vivo, under experimental and field conditions [1]. In the latter case results where 
typically obtained comparing sequences obtained from large scale sampling. The aim of 
this study was to investigate recombination on a smaller space-time scale.  

MATHERIALS AND METHODS 

Serum or lung samples from 213 pigs from farms of Northeastern Italy, were collected 
during the routine diagnostic activity of IZSVe throughout 2009-2012. Each sample 
underwent classical two step RT-PCR targeting a genomic fragment within the ORF7 
region, allowing the differentiation between the EU and AM strains [6]. ORF5 and 
ORF7 of positive samples were amplified by a one step RT-PCR as described by 
Oleksiewicz et al. [7]. Amplicons were sequenced with the same primers, in both sense, 
using Byg Dye terminator v3.1 sequencing kit. Chromatograms were obtained using an 
ABI PRISM® 3100 Genetic Analyzer and consensus sequences derived using 
CromasPro 1.5. When both ORFs were available, concatenated sequences were 
constructed using Mesquite. Sequences obtained plus those derived from Pesente et 
al.[8] were aligned with Guidance (using MAFFT as alignment method) and scores 
evaluated. ORF5, ORF7 and concatenated sequences alignments were tested for 
recombination evidences using RDP3. To obtain a conservative estimate, a 
recombination event was accepted only if detected by at least three methods 
implemented in the program. Whenever recombination was detected, topological 
incongruence between segments separated by breakpoints was assessed using SH, KH, 
ELW and AU tests implemented in TREEPUZZLE and CONSEL. P<0.05 was assumed 
to indicate statistical significance. Structural consequences of recombination were 
considered. Ammino-acidic p-distances of recombinant strains from their parents 
were calculated using MEGA5. N-linked glycosilation sites and transmembrane 
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topology of GP5 were predicted using NetNGlyc 1.0 Server and Psipred, respectively. A 
possible role of immune pressure was evaluated through in silico prediction of T cell 
epitopes. For cytotoxic T lymphocytes epitopes, NetCTLpan 1.1 Server, a pan-specific 
major histocompatibility complex class I epitope predictor, was used. All swine MHC I 
alleles deposited in program database were considered to predict 8-,9-,10-, 11-mer 
peptides. MHC II ligands were predicted using NetMHCII server, searching 15-mer 
peptides bounding the collection of human MHC II (loci DR and DQ). To limit false 
positive results peptides were accepted as possible epitopes when their rank score was 
<1% and IC50nM<50 [9, 10]. A discrete states phylogeographic reconstruction of 
PRRSV strains migration pattern among provinces of Northeastern Italy was 
performed using BEAST 1.7.2 as described by Lemey et al.[11]. Non-recombinant, 
concatenated ORF5-ORF7 heterochronous sequences of known origin, were analyzed 
to this purpose. Bayesian Factor (BF) was calculated to define well supported diffusion 
rates using SPREAD. Rates yielding a BF>5 were considered as strongly supported. 

RESULTS AND DISCUSSION 

A total of 114 ORF5, 84 ORF7 and 50 concatenated sequences were obtained, including 
those achieved from Pesente et al. [8]. Recombination scan revealed 3 recombination 
events (Table 1; Figure 1). 

 Major Parent Minor Parent Recombinant Breakpoint 

Event 1 
Ita440/30-
03/03/2010 

Ita270/23-
03/02/2010 

Ita1040/39-07/05/2010 606 

Event 2 Ita9981-15/04/2003 Ita0007-15/09/2002 Ita3937-15/03/2003 211-606 

Event 3 Ita162/31-29/01/2010 Ita84-16/01/2012 Ita893/17-22/04/2010 123-462 

Table List of recombinant sequences and respective parents.  
Sequence Ita893/17-22/04/2010 is assumed as representative  

of sequences Ita177/22-29/01/2010 Ita162/32-29/01/2010 

The first recombination event displayed a single breakpoint between the end of ORF5 
and the beginning of ORF7 (strain Ita1040/39-07/05/2010). Unfortunately the 
sequence spanning these segments was not sequenced. As a consequence, a more 
precise localization could not be performed. A second recombination event between 
ORF5 and ORF7 was detected (sequence Ita3937-15/03/2003), although only one 
parent could be clearly identified. Analysis refinement using the larger dataset of all 
ORF5 available confirmed the presence of recombination breakpoints in position 211 
and 606 and identifies Ita9981-15/04/2003 and Ita0007-15/09/2002 as minor and 
major parents. Event 3 encompassed ORF5 region between nucleotides 123 and 462. 
Sequences Ita177/22-29/01/2010, Ita893/17-22/04/2010 and Ita162/32-29/01/2010 
were detected as recombinant. Ita84-16/01/2012 and Ita162/31-29/01/2010 were 
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respectively identified as minor and major parents. All these heterochronous samples 
originated from the same farm, demonstrating a prolonged co-circulation of parental 
and recombinant strains. Recombinant strains were sampled two times about 3 
months apart, supporting a certain fitness of the new viruses. P-distance showed a 
relevant amino-acidic difference between the respective parents: about 15% in the 
region internal to recombination breakpoint (AA 41 to 154) and about 26% in the 
external (Table 2). 

  Ita84-
16/01/2012 

Ita162/31-
29/01/2010 Recombinant 

AA 41-154 
Ita84  0,159 00,047 

Ita162/31 0,159  0,145 

AA 155-40 
Ita84  0,261 0,261 

Ita162/31   0,011 

Table Mean p-distance value between groups calculated considering amino-acidic sequences. 
Bars represent a graphical display of p-distance value 
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To display possible relevant structural differences, prediction of transmenbrane 
regions was executed but no differences among recombinants and parents ORF5 were 
found. Recombination involved part of the first ectodomain, the three transmembrane 
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segments and the first part of the main endodomain. Although part of the neutralizing 
epitope (AA 37-44) [12], was included in this segment only one difference affected by 
recombination between the two strains was identifiable (AA 37). AA 44 was different 
in both parents and recombinant strains, with the latter sharing the same residue. 
Some differences in glycosylation pattern were observed: strain 162/31, 893/17 and 
162/32 were predicted to be glycosylated in position 36, 46 and 53. A similar pattern 
was predicted for strain 84 with the only difference that N-linked glycosylation was 
present in position 37 instead of 36. A certain difference was displayed in strain 177/22 
which lost the glycosylation in position 46. In conclusion glycosylation patterns were 
not significantly affected by recombination. Analysis of T cell epitope showed that 
approximately the same epitopes were recognized and the same MHC alleles were 
involved, with few exceptions. However it should be emphasized that in silico methods 
provide only an estimate of actual cellular epitopes. In particular only a selection of 
human leucocyte antigen (SLA) were tested for MHC II ligands, therefore the results 
are probably scarcely representative. Although only minor differences seem to occur, 
effects of recombination on the efficacy of humoral and cellular response can not be 
excluded. Humoral response could depend not only on neutralizing epitope sequences 
or on glycosylation sites but also on conformational changes preventing interaction 
between NE and neutralizing antibodies [13]. Besides it can not be excluded that the 
new combination of cellular epitopes affects the immunological pressure, influencing 
the fitness of recombinant strains. In this study covering a small geographic area, a 
relatively high frequency of recombination was observed, if compared with that 
reported by other studies where only few recombinants were detected [2, 14, 15]. 
Intensive sampling on a small space-time scale makes more probable that 
recombinants of low fitness, whose survival and spreading among farms is unlikely, 
have been sampled. Moreover sequences considered, originating from a restricted area, 
are relatively similar (mean p-distance: ORF5=0.133 ORF7=0.097 concatenated=0.121). 
Van Vugt et al. [16] demonstrated that recombination occurs preferentially between 
highly similar regions. Phylogeographic analysis reveals 11 strongly supported 
migration rates between provinces, suggesting that in the study area, the entry of new 
strains in a farm is a quite frequent event. 

CONCLUSION 

This study reports a relatively high number of recombination events in a limited area 
during a short period. The comparison with other studies, carried out on a larger scale, 
suggests that recombination could be in se relatively frequent, probably favoured by pig 
industry features. Nevertheless rarely recombinants gain an evolutive advantage 
allowing significant survival and spread [1]. Prolonged co-circulation of recombinant 
and parental viruses was however demonstrated in this study. Since only few evidences 
of different viral fitness have been found, a longer follow up could provide data on the 
epidemiological, clinical and genetic evolution to obtain insights into possible 
consequences of recombination and into its driving force. 



EuroPRRS2012 Budapest  Hungary                                                                                                              83 
 

REFERENCES 

1. Shi M. Molecular epidemiology of PRRSV: A phylogenetic perspective. Virus 
research 2010;154:7-17.  

2. Shi M. Phylogeny-Based Evolutionary, Demographical, and Geographical 
Dissection of North American Type 2 Porcine Reproductive and Respiratory 
Syndrome Viruses. J Virol 2010;84:8700-11.  

3. Simon-Loriere E, Holmes EC. Why do RNA viruses recombine? Nature Reviews 
Microbiology 2011;9:617.  

4. Liu D. Recombination analyses between two strains of porcine reproductive and 
respiratory syndrome virus in vivo. Virus Res 2011;155:473-86.  

5. Murtaugh MP. The ever-expanding diversity of porcine reproductive and 
respiratory syndrome virus. Virus Res 2010;154:18-30.  

6. Persia D, Pacciarini M, Cordioli PS,. Evaluation of three RT-PCR assays for the 
detection of porcine and respiratory syndrome virus (PRRSV) in diagnostic 
samples. 2001.  

7. Oleksiewicz MB. Sensitive detection and typing of porcine reproductive and 
respiratory syndrome virus by RT-PCR amplification of whole viral genes. Vet 
Microbiol 1998;64:7-22.  

8. Pesente P, Rebonato V, Sandri G, Giovanardi D, Ruffoni LS, Torriani S. 
Phylogenetic analysis of ORF5 and ORF7 sequences of porcine reproductive and 
respiratory syndrome virus (PRRSV) from PRRS-positive Italian farms: A 
showcase for PRRSV epidemiology and its consequences on farm management. 
Vet Microbiol 2006;114:214.  

9. Gustiananda M. Immunoinformatics analysis of H5N1 proteome for designing an 
epitope-derived vaccine and predicting the prevalence of pre-existing cellular-
mediated immunity toward bird flu virus in Indonesian population. Immunome 
Res 2011;7:1.  

10. Diaz I. In silico prediction and ex vivo evaluation of potential T-cell epitopes in 
glycoproteins 4 and 5 and nucleocapsid protein of genotype-I (European) of 
porcine reproductive and respiratory syndrome virus. Vaccine 2009;27:5603-11.  

11. Lemey P. Bayesian Phylogeography Finds Its Roots. PLOS COMPUTATIONAL 
BIOLOGY 2009;5.  

12. Mateu E. The challenge of PRRS immunology. VETERINARY JOURNAL 
2008;177:345-51.  

13. Martínez-Lobo FJ, Díez-Fuertes F, Simarro I, Castro JM, Prieto C. Porcine 
Reproductive and Respiratory Syndrome Virus isolates differ in their 
susceptibility to neutralization. Vaccine 2011;29:6928.  



84                                                                                                              EuroPRRS2012 Budapest  Hungary 
 

14. Forsberg R. The genetic diversity of European type PRRSV is similar to that of the 
North American type but is geographically skewed within Europe. Virology 
2002;299:38-47.  

15. Stadejek T. Porcine reproductive and respiratory syndrome virus strains of 
exceptional diversity in eastern Europe support the definition of new genetic 
subtypes. Journal of general virology 2006;87:1835-41.  

16. van Vugt J. High frequency RNA recombination in porcine reproductive and 
respiratory syndrome virus occurs preferentially between parental sequences 
with high similarity. J Gen Virol 2001;82:2615-20.  

 



EuroPRRS2012 Budapest  Hungary                                                                                                              85 
 

NEW, NON-CONVENTIONAL CLINICAL 
MANIFESTATION OF PORCINE 
REPRODUCTIVE AND RESPIRATORY 
SYNDROME (PRRS) IN HUNGARY 

Sándor Kecskeméti1*, Ádám Bálint1, Gyula Balka2, Árpád Bacsadi1,  
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2 Department of Pathology, Szent István University, Faculty of Veterinary Science, 
Budapest, Hungary 

3 Institute for Veterinary Medical Research, Budapest, Hungary 

Severe respiratory disease with prolonged high fever resistant to antibiotic treatment 
was observed in an epidemiologically closed, PRRS-free fattening herd of 2500 animals 
of 4-5 months of age in Eastern Hungary. In prolonged cases, posterior paresis and skin 
haemorrhages were also present. In spite of the high morbidity, mortality remained low.  

Pathological and histopathological examinations of four pigs revealed acute diffuse 
interstitial pneumonia and acute pulmonary oedema, while one animal showed general 
hemorrhagic diathesis, extensive haematoma-like haemorrhages around the kidney, in 
the urinary bladder, the subcutaneous connective tissue and on the serous and mucous 
membranes throughout the body. The brains were histopathologically negative.  

The absence of bacterial infection was diagnostically confirmed. Virological and serum 
pair examinations of 30 samples were negative for classical and African and swine 
fever viruses, pseudorabies virus, porcine circovirus and swine influenza virus. 26 
serum samples were positive, three were doubtful for Mycoplasma hyopneumoniae. 
However, PRRS serology gave exclusively positive results. Clinically healthy herds 
belonging to the same the integration, proved to be PRRS negative. 

PRRS virus nucleic acid was detected from the respiratory tract with polymerase chain 
reaction targeting the ORF5 and ORF7 genes. Nucleotide sequence analysis revealed 
that the PRRS virus isolated from the Hungarian herd is a Type I, subtype 1, clade D 
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virus showing the closest (99%) nucleotide homology to Spanish strains that were 
present earlier in Hungary (1). In China, the hemorrhagic nature of clinical signs 
dominate in the highly pathogenic (HP) PRRS cases but this clinical manifestation was 
caused by Type II PRRS strains (2), while the strains causing severe economic losses in 
Eastern Europe belong to subtype 3 within Type I (3). The Hungarian case draws the 
attention that a Type I, subtype 1 PRRS virus beside subclinical or mild clinical 
symptoms is capable of causing dramatic clinical-pathological disorders. 
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Abstract 

Porcine reproductive and respiratory syndrome (PRRS) is endemic virus infection of 
domestic pigs in most countries with intensive pig production, and it is associated with 
high economic losses. Antibodies to PRRS virus (PRRSV) have been found in pigs 
almost worldwide. The majority pig farms in Serbia are also positive for antibodies to 
PRRSV. Although PRRSV is widespread in domestic swine, very little and in the same 
time controversial information exists about PRRSV infection in European wild boar 
populations. In consequence, the role of wild boars in the epidemiology of PRRSV 
infection is still not clear.  

The aim of the current study was to investigate the presence of PRRS virus infection in 
wild boars populations in Serbia, and to assess possible role of wild boars as reservoirs 
of virus for domestic pigs and in the epidemiology of PRRS infection in Serbia. 

Blood samples from 350 wild boars from 53 hunting grounds that are 4.21% of 
predicted number of wild boars (8323) from 12 districts and 142 hunting grounds of 
Serbia were collected during the hunting season from October 2011 until March 2012. 
Blood samples were taken by hunters or by veterinarians from the heart after the wild 
boars had been shot. Presence of anti-PRRSV antibodies was determined using a 
commercially available ELISA test kit INGEZIM PRRS UNIVERSAL (Ingenasa, 
Madrid, Spain) according to the manufacturer’s instructions. Only 3 (0.86%) out of 350 
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analysed samples was found positive on the presence of antibodies against PRRS virus. 
Positive samples were found in only two out of 12 examined districts, 1 (1.54%) positive 
out of 65 examined samples in Zapadnobacki district, and 2 (4.17%) positive out of 48 
examined samples in Juznobacki district. 

Since the results, recorded for the first time in Serbia, show very low prevalence of 
PRRSV infection in wild boars in all 12 examined districts, it could be concluded that 
wild boars probably doesn’t play a significant role in the epidemiology of the disease as 
source of the PRRSV for domestic pigs in Serbia. Further and more comprehensive 
research is needed including testing of wild boar samples from the whole country and 
from a few hunting seasons on antibody and virus presence to obtain more conclusive 
results on presence and role of PRRSV in wild boars on the epidemiology of disease in 
Serbia. 

 
Keywords: PRRS, wild boar, seroprevalence, Serbia 
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Genetic diversity among strains of PRRS virus has the great importance for diagnostic 
of the disease and vaccine development. High genetic variability among European 
strains of PRRSV was observed than was originally expected. Therefore the aim of this 
work was to detect Czech isolates of PRRSV and compare with virus strains from other 
countries. 

PRRS virus sequence heterogeneity was estimated on the collection of virus strains 
detected in conventional pig farms in the Czech Republic in the period from 2006 till 
2012. RNA was extracted from clinical field samples using a commercial kit and 
immediately used for RT-PCR with specific primers. Seventeen virus strains were 
collected and their ORF 5 gene was sequenced. Obtained sequences were aligned and 
compared with PRRS sequences obtained from GenBank. 

All analyzed virus stains clustered into two major groups. One cluster showed 
similarity to strains originating from Poland, Denmark, Lithuania, Italy and China. The 
second cluster was highly similar to several strains isolated in Spain as well as to some 
vaccine strains. As vaccines originating from Spanish strains are widely used in the 
Czech Republic, the second group may likely represent detected vaccine strains. No 
North American strains were detected in the monitored period. 

Results of our survey show rather limited PRRS heterogeneity in ORF 5 gene, further 
analysis will be focused on ORF 7 and nonstructural genes of the virus. 

Keywords: PRRSV, pig, strain, sequence, ORF 5 
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The emergence of an acute disease of pigs characterized by high fever, high mortality in 
weaners, and abortion in sows was first recognized in March 2007 in Vietnam. The 
main causative agent was identified as a variant of PRRS virus North American 
genotype, which is locally named as highly pathogenic PRRS (HP-PRRS) virus. It has 
caused two severe epidemics in 2007 and 2010, and sporadic cases continued in 2011-
12. The present study describes the molecular epidemiology of HP-PRRS in Vietnam in 
2007-12. 

Phylogenetic analysis was made by MEGA5 software with the sequences of full ORF5 
of 350 HP-PRRS viruses and partial NSP2 genes of 80 viruses collected from clinical 
cases during March 2007 to August 2012. 

The analysis showed that HP-PRRS viruses of Vietnam between 2007 and 2012 were 
divided into 4 distinct clusters, namely cluster A (JXA2006-like), cluster B 
(HUN2008-like), and cluster C1 and C2 (SX2009-like). 

Cluster B consists of all 2007-09 viruses and some of 2010-11 viruses indicating viruses 
introduced in 2007 persisted at least till 2011. This cluster of virus was detected only in 
the south in 2010, but reappeared at 4 provinces in the north in 2011. This may be 
related with the pig movement in 2011 which was mainly from south to north when 
pork price was higher in the north.  

Cluster C1 consists of viruses of 2010 and 2011, while all the viruses detected in 2012 
are in cluster C2. It suggests that the virus introduced in 2010 kept circulating till 2011 
and that there was a new introduction of virus in 2012. Cluster A viruses were detected 
in 4 cases in 2011-12, and are close to JXA1-R strain which is used for live vaccine. 

These findings suggest that there were at least 3 introductions of HP-PRRS viruses 
into Vietnam during 2007-12. 

Key words: molecular epidemiology, highly-pathogenic PRRS, Vietnam 
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IN PMWS AFFECTED PIGS 
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The objective of this study was the identification of viruses as co-infecting agents in 
postweaning multisystemic wasting syndrome (PMWS) affected pigs. Viruses were 
detected in clinical samples (lung or lymph nodes) originating from thirty-two PMWS 
pigs aged 4 – 22 weeks from Slovakia collected in the period 2007-2009. PMWS was 
confirmed by clinical observation, immunohistochemistry and detection of PCV2 by 
single PCR. Porcine reproductive and respiratory syndrome virus (PRRSV), porcine 
parvovirus (PPV), porcine teschovirus (PTV) were detected by a nested RT-PCR 
/nested PCR while porcine boka-like virus (PBoV) by a semi-nested PCR. Detection of 
torque teno sus virus 1 and 2 (TTSuV1 and TTSuV2) was carried out by SYBR Green 
real-time PCR.  

When detecting PRRSV as co-infecting virus of PMWS, samples were divided into two 
groups: PRRSV (+) and PRRSV (-). Results were compared between these two groups. 
Our analysis revealed that in the PRRSV (+) group (n=12), six viruses out of seven were 
detected in two samples and five viruses in other two samples, which represent 33% of 
samples in PRRSV (+) group. In the PRRSV (-) group (n=20), four samples contained 
maximum of five viruses, which comprise only 20% of samples in the group. The 
highest co-infection was detected with TTSuV1 and TTSuV2 in the both PRRSV 
groups. Lower co-infection was observed with PTV and PPV, while PBoV was observed 
rare. Hypothesis that the presence of PRRSV results in broader spectrum of viral co-
factors detected in PMWS affected pigs remains to be experimentally verified.   

Key words: PRRSV, PCV2, TTSuV1, TTSuV2, PPV, PTV, PBoV 
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VIEWS ON CONTROL AND ERADICATION  
OF PRRS IN EUROPE 

DVM Anders Elvstroem 

Svinepraksis.dk Banegårdsgade 24, 8300 Odder, Denmark – ae@svinepraksis.dk 

PRRS has over the recent years gained more influence on swine health in the European 
swine production. The average herd size has increased which makes control of PRRS 
even more necessary.  

The European swine production will over the coming years be demanded reduction in 
the use of antibiotics. An essential precondition to obtain this is a PRRS free 
production of pigs. 

The European veterinary knowledge on PRRS control and eradication is primarily 
based on herd level and less experience has been obtained concerning eradication on 
territory basis. A few projects have been described on regional eradication in Europe, 
and these projects will provide the first important experience.  

The biggest motivation for swine herd owners to control PRRS is the economic gain. It 
can be obtained by improved production results, lower use of antibiotics and vaccines 
and by higher sales prices of the pigs. PRRS can in many cases be controlled and 
eradicated without costs due to production losses. Therefore, handling of PRRS is 
widely based on interior organization of stables and the management of these. 

All PRRS control starts on herd level, and it is of great importance that the 
veterinarians involved have the necessary education to be capable of handling PRRS. A 
European vision on PRRS control must include gathering of knowledge and experience 
and the sharing of information. To take PRRS control to the next level, the veterinary 
practitioners must have a common perception on PRRS’ influence on herd health and 
handling of the disease. 

Control of PRRS in Europe demands a highly coordinated effort. The European swine 
industry will be able to take the lead in a world perspective by establishing a 
coordinated European eradication. It will result in improved health, reduction of the 
use of antibiotics and a better economy in the swine industry. 
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EXPERIENCE ON LABORATORY RESULTS  
ON PRRSV CONTROL  
AND ERADICATION POSSIBILITIES 

Luc MIELI  

lmieli@lda22.com; luc.mieli@gmail.com  
LDA22 , 7 rue du Sabot, 22440 Ploufragan – France 

Abstract   

Major keypoints conditioning success of epidemiological studies and eradication plans 
are discussed on two main levels: 

1 Sampling procedures have to  
be adapted to PRRS infectiology (biological data),  

 fit with estimated regional prevalence, and presumed intraherd prevalence 
(per age), 
Preserve sample integrity: particularly, oral fluids must be refrigerated since 
sampling until analysis in laboratory! (Otherwise we get numerous false 
negative results) 

2 Necessity to fit with reality of analytical performance:  
Substantial differences of performance for Elisa and PCR PRRS diagnostic 
tools on the market points out the need for independent evaluation and 
approval of Elisa and PCR products (Diagnostic Sp and Se awfully variable) 

Introduction 

LDA22 is situated in Ploufragan, Northern Britanny, in the heart of main French pig 
production area, active member of Zoopôle and contributes to independent diagnostics 
in animal health since many years. 

The validation of a test is the evaluation of a process dedicated to determine whether 
the test is fitting to a particular use or not.  
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For infectious disease diagnostic tests, the identity and definition of the criteria 
required for test validation are elusive, and the process leading to a validated test is not 
fully standardised. Furthermore, for a single pathogen like PRRSV there are numerous 
and very different needs for using tests in the field, that often require specific 
validation. 

Our purpose is to demonstrate with examples how sampling procedures and lack of 
independent test validation for PRRSV diagnostics deeply impact the validness in the 
field for PRRSV control and eradication strategies. 

1 How sampling procedures deeply impact and needs to be well elaborated for 
control and eradication purposes 

The sampling procedures include the choice of animal(s), date of sampling, type 
of samples, number of samples, potential sample contamination, inhibitors 
(PCR tests, …)  

1.1  PRRS infectiology biological data allow to choose among different diagnostic 
and control strategies. 

The overall validity of a strategy even using a validated test is depending on the 
course of infection (biological data like duration of viraemia, range of sero-
conversion (IgG, IgM), etc), and links to clinical/sub-clinical findings : 

According to our experience, the period for Ig G seroconversion after PRRSV 
infection is very often under-evaluated in published works (8 to 12 days post 
infection), we mainly see this IgG seroconversion between 20 and 30 days post 
infection in the field. Unpublished data of experimental infection show evidence 
that seroconversion period depends on infectious dose, ranging up to 20 days. 

1.2  Estimated regional prevalence, and presumed intraherd prevalence (per age) are 
needed to calculate number of herds and samples per herd/per age to be 
included in the studies. 

If using Oral fluids, observe maximum number of 10 pigs per rope! (Otherwise 
we get numerous false negative results ….) 

1.3  Preserve sample integrity: According to our experience, oral fluids must be 
chilled or frozen since sampling until analysis in laboratory ! (Otherwise we get 
numerous false negative results ….) 
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2 How huge diversity of PRRSV diagnostic tests performance (IgG Elisa and 
PCR) deeply impacts control and eradication programs 

2.1  Serological tests 

The different parameters that have been investigated are : specificity, 
detectability, and sensitivity. (reproducibility investigated but not shown, see 
Mieli and al - IPVS 2002) 

2.1.1   Materials and Methods 

Four different ELISA kits (A, B, C, and D) were evaluated. 

To evaluate specificity, 11 monospecific sera collected from pigs experimentally 
infected with various viruses and bacteria in AFSSA, Ploufragan, were used: 
To evaluate detectability, two different positive sera, one from AFSSA and one 
from LDA22, Ploufragan, were used as sequential twofold dilutions in negative 
SPF serum. 

Sensitivity was evaluated with the following sera : 
10 sera from the field, found positive with the AFSSA reference ELISA 
technique,  
7 sera from the field, from a primary PRRSV infection in a PRRS free area, 14 
experimental sera , collected from SPF animals vaccinated with an inactivated 
vaccine, and found positive by the Merial IFA technique, supplied by Merial, 
36 experimental sera, collected from experimental infections with strains of 
European PRRSV in sows and fattening pigs, supplied by Merial. 

2.1.2   Results 

• Specificity:  

Only one false positive response was observed with ELISA D, in which the 
monospecific serum directed against PPV was found positive. 

• Detectability: 

 Table 1: Reverse of the highest dilutions that always gave  
a positive result for positive sera diluted in SPF serum 

ELISA kits A B C D 

Positive serum from AFSSA 8 32 8 4 

Positive serum from LDA22 16 64 4 <4 
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• Sensitivity: The ELISA kit D was not tested for sensitivity, due to poor 
specificity  

Table 2: Number of sera found positive/number of sera tested 

ELISA kits A B C D 

Primary infection in the field 7/7 4/7 0/7 0/7 

Experimental infection 34/36 26/36 30/36 Not Done 

Vaccination in SPF pigs 
(inactivated vaccine) 2/14 2/14 4/14 Not Done 

 
2.1.3   Discussion 

ELISA kit D gave poor specificity results, ELISA kit C did not appear very 
sensitive. Therefore, the ELISA kits A or B should be preferred to follow PRRSV 
natural infection in a herd and to establish profiles.  

Examples are shown in the oral presentation on practical impact of these 
evaluation data on grower/finishers serological profiles. These findings 
established in 2002 still remain valid at this time …. 

Field specificity may vary according to the type of animals (boars for example), 
and confirms experimental results on huge differences between commercial 
Elisa products. 

2.2  PCR tests 

Different slides show the same phenomenon for PRRSV PCR tests as for IgG 
Elisa tests : huge differences between operational performance on Diagnostic 
sensitivity among different west european strains... 

Conclusions 

It is not an easy way to elaborate a control or eradication plan for PRRSv : 

Concerning laboratory results, we have to deal with sampling difficulties from different 
origins and the lack of approval for PCR and Elisa commercial diagnostic tools. 
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After the first recognition of porcine reproductive and respiratory syndrome virus 
(PRRSv) in 1987, PRRSv is now endemic in most pig producing countries, including the 
Netherlands.  

The actual influence of PRRSv in the Dutch pig industry is still considerable. Clinical 
disease in unvaccinated and even vaccinated populations is common. Reproductive 
problems in sows or respiratory problems in weaners and fatteners occur regularly. 
PRRSv is considered to be a cause of increased antibiotic usage, because of the 
enhancement of secondary bacterial diseases. The prevalence of PRRSv on sow farms 
was calculated with the results of serologic testing on 10 sow farms in 2005. The 
average prevalence in sows was 53 % and in fatteners 69 %.1  

Both type 1 and type 2 strains are found in the Netherlands. Type 1 strains are 83 
to100% homologous to the DV-strain. The type 2 strains are 94 to 100 % homologous 
compared to the VR2332 strain. Examinations of dead born and aborted piglets in 2009 
revealed that the percentage of PRRS-virus positive litters was 13,8 % (in 444 tested 
litters in total). Of the found viruses 20 % were typed as US-strains and 80 % as EU-
strains.  
The economic impact of PRRSv outbreaks on Dutch sow farms is considerable, varying 
from €59 to €379 per sow in each outbreak. The average loss in a regular sow herd was 
€75 per sow per outbreak.2  

The Dutch Product Board for Livestock and Meat has started a national coordinated 
program on controlling PRRSv in 2011. Results of an initial desk study indicate that the 
control of PRRSv on farm level will lead to eradication. Explicit coaching and further 
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education of workers in swine farms and swine transport will be inevitable to ensure 
the required level of hygiene and biosecurity necessary for PRRSv control.   

At this moment (August 2012) the status of the national program is as follows:  

The region to start the program has been identified: an area with low pig density in the 
northern part of the Netherlands. A meeting was organised for all cooperating farmers 
and veterinarians in the region to inform them on management practices that can be 
implemented by the farmer. A group of  48 motivated swine farmers with 60 farm-
locations in the region have agreed to participate in the project. After a first visit of all 
farms, a group of at least 40 farms will be selected to take part in this project.  
Monitoring of PRRSv will be done on blood samples with a frequency of three times a 
year starting spring 2013. The taskforce will discuss the required standards for hygiene 
measures of transport and rendering trucks with the industry. The final decision to 
start the regional project will be taken in November 2012. 
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Abstract 

Porcine Respiratory and Reproductive Syndrome virus (PRRSv) causes decreased 
production efficiencies and increased health costs in pig farming worldwide. 
Elimination of PRRSv on farms can be reached by total depopulation and repopulation 
(depop-repop) or a herd closure. Pre-elimination cost-benefit analyses are often based 
on partial budget methods, whereas with stochastic modeling one could account for 
variation of production parameters, expected effects and/or product price and 
therefore derive information about the possible variation in outcome. A model 
calculating the gross margins of a multiplier pig farm was created using Vose Model 
Risk. Technical production data and distributions were derived from 900 Dutch Topigs 
sow herds and agricultural databases. Two PRRSv elimination strategies were 
evaluated: depop-repop and herd closure with off-site rearing of weaners. In the last 
strategy, elimination reached at 4 and 8 months was evaluated. Conservative estimates 
for the change of technical parameters after elimination were derived from literature 
and used in a uniform distribution. The time until the accumulated gross margins of the 
PRRSv free farm breaks even with the accumulated gross margins in the old situation 
was calculated for both strategies. In addition, the minimum increase in piglet price 
was calculated when a farmer wants to reach a breakeven point in 1 or 3 years. When 
pig prices would not increase after elimination, the breakeven in gross margins was 
reached in 11.8 years (8.4 – 18.1) for depop-repop and within a year for both of the herd 
closure scenarios. With an increase of 20% of the pig price, the breakeven in gross 
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margins for depop-repop was reached in 2.2 years (1.9 – 2.6). The pig price needed to 
increase with €5 to reach the breakeven of gross margins within 3.0 (2.3 – 3.8) years 
and with €13 to break even in 1.0 (0.7 – 1.3) year, for the depop-repop method. 
Sensitivity analysis showed that piglet price was the most influential parameter on 
gross margin and years till breakeven. Herd closure is more profitable for pig farms as 
elimination strategy, when only benefits due to elimination of PRRSv are considered. 

Introduction 

Porcine Reproductive and Respiratory Syndrome virus (PRRSv) is an arteri-virus 
which causes disease and mortality and as a result great economic losses in the pig 
industry. In the early nineties this virus was first found in the Netherlands but since 
the mid-nineties, PRRSv is considered endemic on most of the Dutch breeding farms 
(Nodelijk, 1997). The economic impact of PRRSv on the production parameters on herd 
level is related to the clinical effects in individual animals, which are most pronounced 
during acute outbreaks. The costs of acute outbreaks on Dutch farms have recently 
been estimated at 126 euro per sow (Nieuwenhuis, 2012). The economic losses on 
endemically infected farms are less obvious but still relevant and therefore elimination 
of PRRSv should be considered by sow farms. Nevertheless, trying to eliminate PRRSv 
has only been attempted by a limited number of farmers in the Netherlands. The costs 
of elimination and the chance of re-infection after elimination are probably the main 
reasons for this reticence. One of the main strategies to eliminate PRRSv is total 
depopulation and repopulation (depop-repop). This strategy is highly effective but very 
costly. Another often used elimination strategy is herd closure with off site rearing of 
weaners, which is less expensive because of the continuation of production on the farm. 
The aim of this study was to develop a stochastic economic model to compare these two 
PRRSv elimination intervention strategies on an endemically infected Dutch sow farm. 
The economic consequences of PRRSv elimination by depop-repop were compared 
with herd closure in combination with off site rearing of weaners. The outcome 
parameters were time to break even with and without an increase of pig revenues and 
the necessary increases of pig prices to reduce the time to break even. 

Material and methods 

A Monte Carlo simulation model was developed to calculate the gross margin of a 
Dutch average size sow farm (436 sows). Farm production parameter-estimates and 
(stochastic) distributions were derived from 900 Dutch sow farms (Topigs 2009) or 
aggregated production (deterministic) figures (Agrovision B.V., 2010) of 2009. 
Additional information of (feed) costs and the changes of technical parameters in a 
PRRSv free situation were derived from literature. Two PRRSv elimination strategies 
were evaluated: depop-repop and herd closure with off-site rearing of weaners. Depop-
repop, included a gradually phase out of production, 6 weeks down time and 
repopulation with specific pathogen free (SPF) gilts. In the other scenario, herd closure 
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with off site rearing of weaners, no new replacement animals were allowed on the farm 
and weaned pigs were brought to another location. The absence of PRRSv was reached 
in either 4 or 8 months of herd closure. It was assumed that irrespective of the 
elimination strategy used, the improvement of technical output would be equal. With 
these parameters costs, revenues and gross margins of different scenarios were 
calculated. The time until the gross margins of the PRRSv free farm broke even with 
the gross margins in the old situation was calculated for both strategies. In addition, the 
minimum increase in piglet price was calculated when a farmer wants to reach a 
breakeven point in 1 or 3 years. 

Results 

With no increase of the piglet price after the elimination of PRRSv as a result of depop-
repop, the farm would break even in 11.8 years (90% interval: 8.4 – 18.1). With an 
increase of 20% of the piglet price this period would decrease to 2.2 years (90% 
interval: 1.9 – 2.6), an increase of €13 would lead to a breakeven point in 1.0 year (90% 
interval: 0.7 – 1.3) and an increase in pig price of €5 would result in a breakeven point in 
3.0 years (90% interval: 2.3 – 3.8). When the farm got re-infected in the period before 
the breakeven, it was not possible to reach the accumulated gross margin level the farm 
would have been on when it did not invest in the depop-repop. When the farm used 
herd closure as elimination strategy, the breakeven point occurred within a year, 
regardless of the farm would test negative after 4 or 8 months and whether or not the 
farmer received a higher price for the PRRSv-free pigs. The gross margin per sow place 
was most influenced by the (new) piglet price and in a lesser extend to production 
parameters like the number of pigs born alive per litter and the number of pigs weaned 
per year.  

Conclusion and discussion 

With the use of a Monte Carlo simulation model, variation in the output was made 
visible. Often partial budget methods are used in economic analyses which lack to 
provide this variation. To our knowledge this is the first study that evaluates two 
PRRSv elimination strategies on farm level under European (Dutch) circumstances, 
using a stochastic model. The results show that herd closure is more profitable for pig 
farms as elimination strategy, when only benefits due to elimination of PRRSv are 
considered. The secondary economic effects, resulting from the elimination of 
additional diseases, of a depop-repop are not taken into account in this model. As a 
result the improvement of technical output is assumed equal for both strategies, which 
will probably have led to an underestimation of the improvement after depop-repop. 
During herd closure, however, the production will continue (although decreased) and 
therefore herd closure will always be more profitable compared to depop-repop which 
has a down time and as a result no production for several weeks. Herd closure during a 
period of only 4 months is questionable, therefore the breakeven point after a herd 
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closure of 12 months will also be calculated in a follow-up of this study. The results 
show that, when a farm is not re-infected, it is economic beneficial to eliminate PRRSv. 
However, re-infections of PRRSv-free farms do occur, therefore elimination by herd 
closure is recommended since this strategy has the fastest breakeven point. Variation 
in the duration of the breakeven period should be clearly communicated with farmers 
when PRRSv elimination is considered. 
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PRRS was first diagnosed in Denmark in 1992. At that time only the European subtype 
was found. In 1996 a vaccination program with a MLV vaccine was initiated to 
eradicate PRRS from Denmark. Unfortunately the vaccine virus started to spread to 
uninfected farms and since both the European and American subtypes have been found 
in Denmark.  

In Denmark 43% of the herds are enrolled in the SPF program and have a PRRS 
declaration. Of these SPF-herds, 65% are declared free from PRRS. The average yearly 
incidence of herds being infected with PRRS is around 150 herds and almost the same 
number of herds is declared free. 

The most common way to eradicate PRRS from herds in Denmark are by only 
introducing vaccinated gilts through a quarantine and managing all-in all-out in all 
units (farrowing, weaners, finishers). Eventually, units with circulation of virus are 
emptied. The success rate is rather high. 

With the increased interest for eradication of PRRS from area and countries, the 
question has also been raised. “Should Denmark eradicate PRRS?” 

One of the largest issues in an eradication program is the motivation of the farmers. 
Without their willingness to participate it seems almost impossible to implement an 
eradication program. Therefore an investigation was initiated to look at possible 
motivation factors e.g. increased production, lower use of antibiotics and increased 
animal welfare. 

It was found that an acute outbreak of PRRS decreases the farmers income for a short 
period of time. Only small differences in productivity were found, when comparing 

http://www.agricultureandfood.dk/About_us/Fokus.aspx
mailto:csk@lf.dk


EuroPRRS2012 Budapest  Hungary                                                                                                              107 
 

herds chronically infected with PRRS, to herds without PRRS, in Denmark. This is not 
what has been found in other investigations. It might be a result of the Danish strategy 
to stabilise PRRS in the herds which leads to low circulation of PRRS virus. 

So at the moment it sees difficult to convince the farmers to participate in a national 
PRRS eradication program. 
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A local PRRS elimination program, involving 14 farms (11 of them PRRSv positive), 
was initiated in Brittany in 2007. Biosecurity improvement and mass vaccination with 
a modified live virus vaccine were implemented. The aim of this pilot project was to 
assess the feasibility of such an elimination program in a high PRRSv prevalence area. 
The objective of this study is to ex post evaluate this program. A survey was carried out 
in order to determine the epidemiological effectiveness of the program through 
successive PRRSv herd status definitions. Compliance to the program was evaluated by 
assessing the implementation of biosecurity measures. Farmers, veterinarians and 
other stakeholders were asked to describe their perception of the program as well as 
their actual participation. After four years, the epidemiological effectiveness is poor as 
no contaminated farrow-to-finish herd has been sanitized using this protocol. 
Nevertheless, uninfected farms have remained free from PRRSv. The evaluation of the 
compliance highlighted that internal biosecutity was poorly improved, which may 
contribute to the viral persistence within positive herds. A lack of communication 
within producer organizations was evidenced as the PRRSv statuses of farms were 
infrequently taken into account when pig flows were organized. Our observations 
illustrate the difficulty of PRRSv elimination and the need for a strategy aiming at 
obtaining producers’ participation, which is crucial for such voluntary regional control 
programs. 



EuroPRRS2012 Budapest  Hungary                                                                                                              109 
 

Session 4 

PRRS immunology 

 

Chairs:  

Tahar Ait-Ali  

and Sara Botti Armin Saalmüller 



110                                                                                                              EuroPRRS2012 Budapest  Hungary 
 

IMMUNE RESPONSE AGAINST PRRSV  
– SOME ADDITIONAL ASPECTS AND 
QUESTIONS FROM VIENNA 

Armin Saalmüller 

Clinical Immunology, Veterinary University of Vienna, Austria 



EuroPRRS2012 Budapest  Hungary                                                                                                              111 
 

IMMUNOPATHOLOGICAL CONSEQUENCES  
OF PRRSV INFECTION 

Michael Murtaugh  
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Early immunological studies of PRRSV interaction with pigs gave the perception that 
PRRSV subverted porcine innate and adaptive immune responses, that it resulted in 
persistent infections, and that its extensive genetic variation caused vaccine failures. 
More recent findings suggest the possibility of alternative explanations for the early 
observations of immune subversion and immunopathogenesis, or lead to entirely 
different conclusions. Here we re-examine generally accepted facts about PRRSV 
immunity that are incorrect, need to be re-considered, or may not apply to PRRSV 
isolates that now circulate in major swine producing regions of the world. Principal 
among these are major issues of suppression of innate immunity, antibody-mediated 
enhancement of infection, hypergammaglobulinemia, and persistent infection. 

Does PRRSV evade host defenses through suppression of innate immunity? Van Reeth 
and colleagues at Ghent University in Belgium first showed the absence of a classical 
innate antiviral immune response, characterized by lack of interferon and 
inflammatory cytokine production, to PRRSV infection. Mechanistically, it might be 
due to PRRSV nonstructural protein 1 (nsp1) blockade of transcription factor 
activation necessary for interferon induction. However, lack of an innate response 
might be more complicated. Respiratory infection by type 1 PRRSV, especially the 
prototypical Lelystad virus, is mild and levels of viremia are relatively low compared to 
type 2 PRRSV isolates. Therefore, it is possible that inflammatory responses in the lung 
are an indicator of disease, as was originally proposed, rather than an indicator of 
strong induction of immunity. Type 2 PRRSV field isolates vary in ability to suppress 
or enhance interferon production, suggesting that the innate immune response to 
PRRSV infection is complex and capable of producing a strong innate response. In 
addition, induction of antibody responses to PRRSV proteins or to an irrelevant protein 
antigen is not retarded by PRRSV infection. The response to multiple viral proteins is 
the same as to an irrelevant control antigen. On balance, it appears that PRRSV 
nonstructural proteins can interfere in interferon signaling pathways in model cell 
culture systems, that the innate immune response to PRRSV is influenced by virus 
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strain, and that the adaptive immune response is not delayed. Thus, innate immunity to 
PRRSV infection may not be relevant to the adaptive immune response to PRRSV 
infection. It is possible that the innate and adaptive response to highly virulent PRRSV 
strains is fundamentally different than the response to strains of low virulence. There 
is a great need to more fully characterize the innate anti-viral immune response to 
PRRSV infection by virulent strains that are circulating in major swine-producing 
regions of the world, to characterize the innate response in porcine macrophages, and 
to assess their relevance to anti-PRRSV immunity in swine. 

Immunosuppressive cytokine expression, including IL-10, IL-4, and transforming 
growth factor β (TGFβ), induced in response to PRRSV also has been proposed to 
explain immune evasion and secondary infections. The proposal is based primarily on 
in vitro studies, and assessments of mRNA expression. The interpretation of these 
studies depends on assumptions that mRNA expression predicts protein expression 
and secretion, and that the behavior of isolated cell populations predicts cytokine 
fluctuations in vivo. These assumptions are not well established in the pig. IL-10 levels 
in serum of pigs infected with virulent or attenuated PRRSV showed no correlation 
with viremia levels.  

An aberrant immune bias toward a Th2-type response also could be responsible for an 
inefficient immune response to PRRSV, if a Th1-type response were protective. 
However, the application of the Th1-Th2 paradigm to PRRSV immunity in pigs is 
challenging. The model is based on cytokine expression patterns, specifically 
interferon γ (IFNγ) and IL-4, in antigen-specific CD4+ helper T cells. In the porcine 
model, investigators rely primarily on assessment of IFNγ alone or in combination with 
IL-10 in bulk lymphocyte preparations. The consequent limitations of this approach 
have been analyzed previously, and seriously weaken conclusions that PRRSV might 
induce a Th2 response that impairs anti-PRRSV immunity. 

Do anti-PRRSV antibodies enhance disease? Viruses enter permissive cells via 
receptor-mediated uptake using molecular interactions between viral envelope 
constituents and cell surface molecules. Viruses that infect macrophages also are able 
to enter permissive cells via cell-surface receptors that bind the Fc region of 
immunoglobulin molecules that are complexed to viral surface antigens. For example, 
dengue virus may exhibit increased pathogenicity in the presence of low levels of 
specific antibody using this mechanism. Since PRRSV infects macrophages, and since 
anti-PRRSV neutralizing antibody levels frequently appear to be quite low, it is 
reasonable to speculate that the presence of antibodies might enhance PRRSV 
infection. Antibody-dependent enhancement (ADE) is reported to be a feature of 
PRRSV infection. Even though ADE is an attractive concept in PRRS pathogenesis, it 
has not been shown to play a role in the interaction of PRRSV with pigs in the field. 
There has never been a confirmed report of PRRS disease being more severe 
immediately following administration of live, attenuated vaccines, even though 
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revaccination and therapeutic vaccination in the face of a PRRSV outbreak are widely 
practiced in the field. Numerous PRRSV challenge experiments have been reported 
from around the world. None of these studies report more severe disease following 
challenge of immune animals. Titration of neutralizing antibody levels in swine serum 
does not show evidence of increased viral growth; instead, antibody inhibits infection 
in a dose-dependent fashion. Studies of neutralization specificity comparing simian 
cells and porcine alveolar macrophages revealed no evidence of enhanced infection of 
macrophages. Thus, the relevance of ADE to PRRSV infection of immune swine is 
questionable and need not be a consideration in attenuated virus vaccine development. 

Is PRRSV infection persistent? Viral infections of animals are commonly controlled in a 
matter of weeks. In pigs, sterilizing immunity to influenza is achieved in 10-14 days, 
and to foot-and-mouth disease virus in 14-21 days. Early studies showed that PRRSV 
infection was prolonged compared to other viral diseases of swine, with viremia 
consistently lasting for 28 to 42 days. However, uninfected sentinels introduced into 
groups of recovered, nonviremic pigs at later times consistently became infected, 
showing that infection persisted beyond the viremic period. Presence of PRRSV was 
demonstrated in experimental test groups up to 186 days, and intermittently in 
individual pigs up to 251 days.  Thus, it was concluded that PRRSV infection was 
persistent in pigs. Predictive modeling further suggested that persistence in farrow-to-
finish herds would be maintained for periods of hundreds of days or more, the duration 
increasing with increased herd size, increased contact between different age groups 
and increased re-introduction of infected gilts. Thus, the trend to larger herd sizes in 
recent decades may have strengthened the assumption of PRRSV persistence. The 
conclusion that PRRSV was a persistent infection was consistent with evidence that 
the innate immune response was compromised, and that B- and T-cell responses were 
weak.  

Moreover, persistent infection appeared to be a common feature of other arteriviruses, 
especially lactate dehydrogenase elevating virus (LDV) of mice and equine arteritis 
virus (EAV). The mechanism(s) of persistence have not been elucidated in these cases, 
but there is no evidence of latent infection, or immunological escape leading to 
recurrent or periodic waves of viremia. PRRSV infection, with its finite period of 
viremia, is distinct from LDV infection, in which viremia appears to be life-long. Thus, 
persistent infection became a firmly established tenet of PRRSV biology despite 
distinct differences from LDV and EAV, or a known mechanism of action. In recent 
years, veterinarians have shown that PRRSV is completely eliminated from large sow 
herds of hundreds to thousands of animals using a procedure known as herd closure. 
All animals in an infected herd are exposed to vaccine or virulent virus, then the herd is 
closed for a minimum of 200 days, during which time no new animals are introduced. 
After this time, naïve gilts and sows do not become infected when added to the herd, 
over periods of time exceeding 2 years, and piglets weaned from farrowed sows are 
negative for PRRSV. The complete absence of viral shedding and transmission in large 
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populations of animals over extended periods of time in multiple independent cases 
proves that the immune response produces sterilizing, complete immunity to PRRSV. 

Does PRRSV infection cause hypergammaglobulinemia? Polyclonal B cell activation 
and nonspecific hypergammaglobulinemia are frequently observed in persistent viral 
infections, including LDV infection of mice. PRRSV infection was reported to increase 
B-cell percentages in various lymphoid tissues and increase serum nonspecific 
immunoglobulin levels by up to 80-fold. However, neither polyclonal B cell activation 
nor hypergammaglobulinemia are features of PRRSV infection in the field, 
biochemical studies of experimentally infected pigs do not show aberrant antibody 
responses, and increased antibody levels can be accounted for by specific responses to 
PRRSV proteins. 

Type 1 and type 2 PRRSV differences. There are profound differences in pathogenesis 
and immune response between type 1 and type 2 PRRSV. Type 1 PRRSV, which 
originated in Europe and remains the predominant European field virus genotype, 
grows to lower levels in pigs than does type 2 PRRSV, the predominant North 
American and Asian genotype. Respiratory disease due to type 1 PRRSV may be 
inapparent, complicating the interpretation of disease studies in growing pigs, the most 
common experimental model. This feature also complicates establishment of 
reproducible models of PRRSV disease that is most relevant to European swine 
producers. 

After two decades of type 1 PRRSV disease in European swine herds, type 2 viruses are 
being isolated from PRRS outbreaks. Knowledge of the differences between type 1 and 
type 2 PRRSV and the implications for diagnostic interpretations, prevention options, 
and response choices, will be critical maintaining swine health and productivity. 
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Abstract 

The availability of gene expression data that corresponds to pig immune response 
challenges provides compelling material for the understanding of the host immune 
system. Meta-analysis offers the opportunity to confirm and expand our knowledge by 
combining and studying at one time a vast set of independent studies creating large 
datasets with increased statistical power.  

In this study, we performed two meta-analyses of porcine transcriptomic data 
corresponding to: i) global immune response to different challenges, and ii) specific 
response to Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) infection. 
For this task, we used 779 chips corresponding to 29 datasets for the pig global immune 
response and 289 chips obtained from 6 datasets for the pig specific response to 
PRRSV infection, respectively. 

To gain an in-depth knowledge of the pig response to PRRSV infection, we used an 
original approach comparing and eliminating the common genes from both meta-
analyses in order to identify genes and pathways specifically involved in the PRRSV 
immune response. The software Pointillist was used to cope with the highly 
heterogeneous data, circumventing the biases generated by the specific responses 
linked to single studies. Next, we used the Ingenuity Pathways Analysis (IPA) software 
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to survey the canonical pathways, biological functions and transcription factors found 
to be significantly involved in the pig immune response.  

This work reveals key genes, canonical pathways and biological functions involved in 
the pig global immune response to diverse challenges, including PRRSV infection. The 
powerful statistical approach was useful to led us consolidate previous findings as well 
as to gain new insights into the pig immune response either to common stimuli or 
specifically to PRRSV infection 

 Keywords: meta-analysis, microarrays, pig immune response, PRRSV infection.  

 



EuroPRRS2012 Budapest  Hungary                                                                                                              117 
 

EFFECT OF INFECTION OF MONOCYTE-
DERIVED DENDRITIC CELL INFECTION WITH 
PRRSV ON THE EXPRESSION OF 
DIFFERENTIATION AND ACTIVATION 
ANTIGENS AND THE INFLUENCE  
ON T-CELL ACTIVATION 

Rodríguez-Gómez IM 1, Burgara-Estrella AJ2, Gerner W3, Mateu E2, 
Gómez-Laguna J4, Carrasco L1, Saalmüller A3, Käser T3  

1 University of Córdoba, Spain 
2 Autonomous University of Barcelona, Spain 
3 Institute of Immunology, Department of Pathobiology,  

University of Veterinary Medicine Vienna, Austria 
4 CICAP, Pozoblanco, Córdoba, Spain; v22rogoi@uco.es 

The causal agent of Porcine Reproductive and Respiratory Syndrome (PRRS), PRRS 
virus (PRRSV), comprises two genotypes, European genotype and American genotype, 
with strains of diverse virulence. It is known that PRRSV infects antigen presenting 
cells (APC) and the study of the interaction of PRRSV and APC may be relevant to 
improve the current knowledge on the pathogenesis of this disease. Monocyte-derived 
dendritic cells (MoDCs) were infected with either a European or an American PRRSV 
strain. Infectivity rates, the impact of the infection onto survival of MoDCs and their 
CD1, CD14, CD80/86, CD172a, and MHC-II expression was analysed in a time kinetic 
(0 - 48 hours-post inoculation(hpi)) by flow cytometry. Additionally, the effect of an 
infection of MoDC on T cell proliferation and IL-10 production after CD3-stimulation 
was analysed by flow cytometry and ELISA.The results showed that MoDC were 
permissive for both strains although the percentage of infected MoDC differed, being 
higher for the European strain. Highest infectivity rates were detected after 24 hpi 
declining afterwards concurrent with a high decrease in the survival rate of infected 
cells.  Infected cells showed an enhanced expression of CD80/86 and MHC-II and a 
decreased CD14 expression. In regard to the effects on T cells, we did not see any 
influence on the proliferative response of T cells or regulatory T cells (Tregs). In 

mailto:v22rogoi@uco.es


118                                                                                                              EuroPRRS2012 Budapest  Hungary 
 

addition, IL-10 production during this co-culture was only mildly elevated. PRRSV 
infection can lead to immunosuppression and a prolonged viremia. The mechanisms of 
this immunosuppression are largely unknown. Our data derived from in vitro infected 
MoDC show an enhanced expression of CD80/86 and MHC-II, both important for T-
cell activation. In combination with the increased death rate of PRRSV-infected MoDC, 
one reason for a delayed immune response against PRRSV infection might be the 
killing of highly T-cell-activating APCs by the virus. This represents an indirect effect 
on the reactivity of PRRSV-specific T cells. Although previous reports indicated a role 
of Tregs in PRRSV immunosuppression we did not see any effect of PRRSV infection 
on Treg proliferation. Furthermore, proliferation of other T-cell subsets was unaltered 
as well. Thus, the suppressive activity of Tregs was not increased by co-culture with 
PRRSV-infected MoDC. A possible reason for this discrepancy could be the highly 
sensitive proliferation measurement in combination with a stringent gating hierarchy 
during flow cytometry analysis and – as always argued – the use of different PRRSV 
strains.  
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The two most distinctive characteristics of infection by porcine reproductive and 
respiratory syndrome virus (PRRSV) are the existence of persistent  
– or at least prolonged – infections and the unusual features of the adaptive immune 
response, with a delayed development of neutralizing antibodies and a low and erratic 
cell-mediated response during the first weeks of infection. Both features have been 
thought to be potential indicators of the involvement of regulatory T-cells (T-regs) in 
the immunopathogenesis of PRRSV infection. 

The denomination T-reg includes a number of phenotypically different subsets of T-
cells which function is the blocking, inhibition or suppression of the usual actions that 
activated T-cells carry out, for example lymphoproliferative responses against 
mitogens or specific antigens.  

T-regs are usually classified as natural or induced. Natural T-regs are generated in the 
thymus as CD4+CD25+Foxp3+ cells and are thought to be primarily and irreversibly 
committed to the inhibition or blocking of self-reactive T-cell clones. In contrast, naïve 
T-cells in the periphery may be induced to develop these suppressive capabilities 
becoming induced Tregs. These induced Tregs may have different phenotypes (CD4+ or 
CD8+, Foxp3+ or Foxp3-) and release regulatory cytokines such as IL-10 (Tr1), TGF-β 
(Th3) or IL-35 (Tr35). Contrarily to natural T-regs, induced Tregs might revert to a 
conventional effector phenotype under appropriate circumstances. Induced Tregs 
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seem to be a mechanism by which “excessive” or chronic inflammatory responses 
against pathogens, allergens, etc. are controlled.  

The mechanisms by which Tregs produce suppression of immune reponses is triple: a) 
by releasing suppressive/regulatory mediators (i.e. IL-10, TGF-β); b) by cell-to-cell 
contact inhibition and; c) by competing for growth factors (for example by consuming 
IL-2 in the environment). This suppression may affect not only T-helper cells but also 
other T cell subsets as well as macrophages, dendritic cells, etc.  

In the case of swine, at least CD4+CD25+Foxp3+ and CD4-CD8α+Foxp3+ have been 
identified to have regulatory capabilities (Käser et al., 2008; Käser et al., 2012). 
Interestingly, in the case of pigs, IL-10 production was concentrated in the 
CD4+CD25dim subset that is less rich in Foxp3+ cells and have less suppressive 
capacity than the CD4+CD25high indicating that probably the CD4+CD25dim 
subpopulation accumulates Tr1 cells. Similarly to other species, porcine Tregs have the 
ability to suppress not only T-helper cells but cytotoxic lymphocytes and γδ T-cells 
(Käser et al., 2011). 

Certainly, the participation or development of Tregs in a viral infection may serve to 
explain persistent or long term infections (see a recent review by Maizels and Smith 
(2011) on the role of Tregs in infection). For example and just to cite one human and 
one animal viral diseases, there are evidences that Tregs may participate in human 
hepatitis B and in retroviral infection of cats allowing the viruses to persist (Barboza et 
al., 2007; Mikkelsen et al., 2011) 

The role of Tregs in the immunopathogenesis of porcine reproductive and respiratory 
syndrome virus (PRRSV) infection is not fully understood. In 2009, Silva-Campa et al. 
reported that co-cultivation of naïve peripheral blood lymphocytes (PBL) with 
dendritic cells infected with genotype 2 isolates of PRRSV resulted in an increase of 
CD25+Foxp3+ PBL. This induction of potential Tregs was abrogated when IFN-α was 
added to the cultures or the virus was inactivated. In that work, those CD25+Foxp3+ 
cells were identified as consistent with Th3 because their capacity for inhibiting PHA-
induced proliferation and their preferential release of TGF-β. Soon afterwards, 
Wongyanin et al. (2010) showed that cultivation of PBMC with a genotype 2 PRRSV 
isolate resulted in an increase of Foxp3+ cells, particularly within the CD4+CD25high 
subset, a finding compatible with the development of Tregs. Those cells had 
suppressive capabilities and their numbers were increased when monocyte-derived 
dendritic cells were added to the cultures, indicating that these cells could participate 
in their generation. Ex vivo examinations produced similar results. Interestingly, this 
increase in potential Tregs was not observed when classical swine fever virus was used, 
suggesting that the phenomenon was specifically produced by PRRSV. 

Silva-Campa et al. (2010) compared the ability of genotype 1 and genotype 2 isolates of 
PRRSV for inducing Tregs in vitro. For this, they produced monocyte-derived dendritic 
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cells, infected the cultures with different PRRSV isolates and co-cultivated autologous 
PBL. The results of the experiment showed that genotype 1 isolates did not induce an 
increase in the proportion of CD25+Foxp3+ cells compared to controls in spite that the 
virus infected dendritic cells and may induce IL-10 release. These observations opened 
the door to the hypothesis of whether or not the development of Tregs is dependent on 
the PRRSV strain used or, more generally, depends on the genotype of the infecting 
strain. 

Cecere et al. (2011) performed a series of experiments in which dendritic cells were 
infected with genotype 2 PRRSV, PCV2 or both viruses and cultivated again with 
autologous PBL. Interestingly, the experiment showed that in the case of PRRSV alone, 
a significant development of CD4+CD25+Foxp3+ cells was observed only in 1/5 pigs, 
compared to 3/5 when co-infection with PCV2 was performed. These observations 
suggested the potential existence of an individual component in the development of 
Tregs. In another work, LeRoith et al. (2010) examined the development of Tregs in 
pigs naturally infected by Mycoplasma hyopneumoniae and showed that animals 
vaccinated with an attenuated live PRRSV vaccine developed Tregs similarly to 
animals infected with a virulent PRRSV isolate of genotype 2. The authors suggested 
that this could be one of the causes explaining the limited protection afforded by 
commercial live attenuated vaccines. 

More recently, Silva-Campa et al. (2012) examined ex vivo the development of Tregs in 
pigs experimentally infected with a genotype 2 PRRSV isolate. Results of the study 
showed that not only CD4+CD8-CD25+Foxp3+ cells increased in the course of infection 
but also CD4+CD8+CD25+Foxp3+ did. As a matter of fact, the increase in the proportion 
of this later subset was correlated with the course of the viremia and TGF-β producing 
cells after stimulation with PRRSV accumulated within double positive CD4/CD8 
CD25+Foxp3+ cells. These results are a strong indication for the existence of inducible 
Treg in genotype 2 PRRSV infection since double positive CD4/CD8 T-cells of pigs are 
thought be comprise memory cells. In another recent work (Wongyanin et al., 2012), it 
has been shown that N protein of genotype 2 PRRSV may be involved in IL-10 
responses and in the development of Tregs since cultivation of monocyte-derived 
dendritic cells with a recombinant N protein resulted in increased number of Tregs. 

In summary, information available up to now suggests that Tregs may have a role in 
genotype 2 PRRSV infections but it is unclear whether or not they participate in 
genotype 1 infections. Moreover, the nature of those Tregs has not been elucidated 
clearly and both natural and inducible Tregs may participate in the pathogenesis. Also, 
individual variability of pigs may have a significant role on whether Treg develop or not 
in a given animal. The clarification of the abovementioned points and the mechanisms 
and parts of the virus involved in the development of Tregs is crucial for the 
understanding of PRRSV immunopathogenesis and for the development of newer and 
better vaccines. 
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Abstract 

The polarization into M1 and M2 macrophage (MØ) is essential to understand MØ 
function. Consequently, the aim of this study was to determine the impact of IFN-γ 
(M1), IL-4 (M2) and IFN-β activation of MØ on the susceptibility to genotype 1 and 2 
PRRSV strains varying in virulence. CD172a+ monocytes were purified by MACS from 
SPF pig PBMC. MØ were differentiated by culture during 72h in DMEM GlutaMAX 
cell medium with 10% porcine serum and polarization was induced for another 24h by 
addition of IFN-γ, IL-4 or INFN-β. MØ were infected with genotype 1 (LVP23, 3267, 
2982 and Olot/91) and genotype 2 (American VR 2332 and JA1182, and Chinese 
SY0608) PRRSV strains at MOI 0.1 during 20 h. Nucleocapsid expression and viral 
titres were determined. Undifferentiated and M2 MØ were highly susceptible to all 
PRRSV isolates. In contrast, M1 and IFN-β activated MØ were resistant to genotype 1 
PRRSV but not to genotype 2 PRRSV strains. Highly pathogenic PRRSV isolates 
showed the highest level of infection, also in undifferentiated and M2 MØ (p<0.05). 
This was seen at the level of nucleocapsid expression, viral titres and virus-induced cell 
death. Using IFN-γ and IFN-β stimulated MØ it is possible to discriminate between 
PRRSV varying in virulence. This indicates that highly pathogenic PRRSV strains are 
more efficient at escaping the intrinsic antiviral effects induced by type I and II IFNs. 
Our in vitro model will help to identify viral genetic elements responsible for virulence. 
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Our results, also suggest that monocyte-derived MØ could be used as a PRRSV 
infection model instead of alveolar MØ, avoiding the killing of pigs. 

Introduction 

Porcine reproductive and respiratory syndrome virus (PRRSV) has a high prevalence 
in swine intensive farms and causes reproductive failure in sows and respiratory 
disease in piglets1. It has been estimated that PRRS caused 664 million of dollars in 
losses annually to the United States swine industry2. Actually, it no universally 
protective vaccine against PRRSV is available. A main hurdle is the lack of 
understanding immunopathogenesis and the PRRSV strains heterogeneity3. PRRSV is 
divided in genotype type 1 (European) and type 2 (American)4. A highly pathogenic 
China strain belonging to the genotype type 2 emerged, which causes severe PRRS 
outbreaks in Asia since 20065.  Significant genetic differences have been described 
both between these two genotypes and within the same genotype of PRRSV6.  

The polarization into M1 and M2 macrophage (MØ) is essential to understand MØ 
function. M1 (classically activated MØ) are activated through two signals, IFN-γ which 
induce MØ activation and TNF-α as second signal. The later is produced by MØ after 
Toll Like Receptor (TLR) ligation7. IL-4 induces the alternative MØ activation (M2). 
This MØ cannot produce nitric oxide, and is inefficient in intracellular pathogens 
destruction. M2 express MHC class II but are inefficient as antigen presenting cell, and 
can even inhibit T cell proliferation7. The aim of this study was to determine the impact 
of IFN-γ (M1), IL-4 (M2) and IFN-β activation of MØ on the susceptibility to genotype 
1 and 2 PRRSV strains varying in virulence. 

Material and Methods 

Peripheral blood mononuclear cells were isolated from SPF pig blood by Ficoll density 
gradient and CD172a+ monocytes were purified by LS MACS columns. MØ were 
differentiated by culture during 72h in DMEM GlutaMAX cell medium with 10% 
porcine serum, after this time the cells were washed to select the attached MØ. The MØ 
polarization was induced for another 24h by addition of IFN-γ, IL-4 or IFN-β. The 
different types of MØ obtained were infected with genotype 1 (LVP23, 3267, 2982 and 
Olot/91) and genotype 2 (American VR 2332 and JA1182, and Chinese SY0608) PRRSV 
strains at MOI 0,1 TCID50/cell during 20 h. PRRSV nucleocapsid expression of infected 
MØ were immunolabelled using antibody SDOW17 A (N+ MØ) and analysed by flow 
cytometry. Viral titres were determined by titration.  Kruskal-Wallis and Mann-
Whitney-U tests were used for statistical analysis (SPSS-15 software). 
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Results 

After 20 hours post infection (hpi) we observed that undifferentiated and M2 MØ were 
highly susceptible to all PRRSV isolates (Figure 1 A and C). In contrast, M1 and IFN-β 
activated MØ were resistant to genotype 1 PRRSV but not to genotype 2 PRRSV strains 
(Figure 1 B and D). Highly pathogenic PRRSV isolates (JA1182, and Chinese SY0608, 
genotype 2) showed the highest level of infection, also in undifferentiated and M2 MØ 
(Figure 1) (p<0,05). It was observed that increased nucleocapsid expression levels were 
associated with a loss of viable MØ in the cultures determined by forward side scatter 
analysis (Figure 1). 

Figure 1. Nucleocapsid expression in MØ at 20 hours post-infection  
(p<0.05 marked as asterisk). 

 
 
PRRSV genotype 2 reached the maximum titre at 12 hpi in untreated, M1 and M2 MØ 
and at 16 hpi in IFN-β MØ. Generally, the genotype 1 virus trite was lower than 
genotype 2 strains. Genotype 1 viruses were particularly delayed in M1 and IFN-β MØ 
(Figure 2). 
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Figure 2. PRRSV genotype 1 and 2 titre  

 
 

Conclusions 

In this work we demonstrated that using IFN-γ and IFN-β stimulated MØ it is possible 
to discriminate between PRRSV varying in virulence mostly between genotype 1 and 2 
PRRSV strains. This indicates that highly pathogenic PRRSV strains (JA1182, and 
Chinese SY0608, genotype 2) are more efficient at escaping the intrinsic antiviral 
effects induced by type I and II IFNs. It has been described in field PRRSV genotype 2 
that the non structural protein 2 gene is the most variable, followed by the ORF5 (GP5) 
and ORF7 (Nucleocapsid) genes, which are relatively conserved8. We therefore 
speculate that NS2 could be important for the high pathogenic of these strains. 
Certainly, our in vitro model will help to identify viral genetic elements responsible for 
virulence and to understand PRRS pathogenesis. 

It has been suggested that during a prolonged inflammatory response in the lung, such 
as found with the pneumonia induced by PRRSV, M2 MØ could mediate regulatory 
signals to control the inflammation9. In this study we have demonstrated that PRRSV 
can infect and kill M2 MØ, resulting prolonged PRRSV replication and viraemia in 
animals and enhanced inflammatory processes. 

Our results, also suggest that monocyte-derived MØ could be used as a PRRSV 
infection model instead of alveolar MØ, the main virus target cell, avoiding the killing 
of pigs. 
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The presence of foreign cells within tissues/circulation of an individual is described as 
microchimerism. Fetal/maternal cell exchange is common in human pregnancy. 
However, at present no information is available on this phenomenon in swine. The 
means by which PRRSV crosses from mother to fetus remain unknown. Prior to fetal 
infection, PRRSV replicates in the endometrial Sn+/CD163+ macrophages. Therefore, 
PRRSV might use susceptible cells as a vehicle to cross from mother to fetus. The main 
purpose of the present investigation was to study if microchimerism occurs in healthy 
sows/fetuses and if PRRSV infection influences this phenomenon. Six dams were 
inoculated intranasally with PRRSV at 70-90 d of gestation and sampled at 10-20 d 
later. Three non-inoculated dams were included as negative controls. The gender of 
fetuses was recorded, fetal blood from umbilical cords and fetal organs were collected. 
DNA from sera of all female fetuses and maternal sera was tested in a PCR assay to 
detect the male sex determination region Y (SRY). Cryosections from female and male 
fetal tissues were subjected to sex-typing fluorescence in situ hybridization (FISH). 
Congenital infection occurred in the five inoculated dams. The male DNA was detected 
in female fetal sera of all dams via PCR. Male DNA was also detected in the circulation 
of dams. Sex-typing FISH showed the presence of male cells in the female fetal organs 
and vice versa. The number of fetuses (male and female) which harbored foreign cells 
did not differ significantly between control dams and dams with congenital PRRSV 
infection. Congenital infection did not also influence the number of microchimeric 
cells within fetuses of both genders. As a conclusion, it was demonstrated that PRRSV 
infection does not influence microchimerism in swine. However, it is very well possible 
that PRRSV misuses maternal/sibling microchimeric cells during pregnancy to spread 
from mother to fetus and between fetuses.  
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GENETIC VARIATION IN RESPONSE  
TO PRRS 

P. K. Mathur, S. Bloemhof and E. F. Knol 

TOPIGS Research Center IPG, P.O. Box 43, 6640 AA Beuningen,  
Netherlands –  Pramod.mathur@topigs.com 

Outbreaks of PRRS occur in commercial herds in spite of high biosecurity, best 
management practices and disease control measures. Genetic selection for higher 
disease tolerance and robustness could help in reducing the incidence and damage 
caused by the disease. A PRRS outbreak occurred recently in a large multiplication unit 
in Canada that remained PRRS free for past ten years. A large volume of reproduction 
records and related pedigree information were available from this herd. This study was 
therefore conducted to estimate genetic parameters during the outbreak and during the 
non-disease or healthy phase, to evaluate the differences between them, and to identify 
opportunities for genetic selection. The data consisted of 30,605 farrowing records 
during the healthy phase and 647 records during the disease outbreak. These included 
stillbirths, number of mummified piglets, and number of piglets born alive. The number 
of stillborn and mummified pigs were summed together to a trait called “waste”, 
indicating losses due to the disease. The variances in waste due to animal, service sire 
and residual effects were 1.30, 0.33, and 13.04, respectively during the disease phase 
compared to 0.06, 0.00, and 1.56 during the healthy phase. Heritability estimate during 
the disease phase (h2=0.07) was higher or comparable to the healthy phase (h2=0.04) 
mainly due to higher additive genetic variance. Estimates with respect to several other 
reproduction traits were also examined. These results suggest opportunities for genetic 
selection for increase in tolerance to PRRS and reduction in losses due to the disease. 

 

Key words: genetics, tolerance, reproduction, losses, PRRS 
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