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ÁBeginning diagnostics 

ÁȰÏÌÄȱ ÔÅÃÈÎÉÑÕÅÓ ÁÒÅ ÎÏÔ ÏÂÓÏÌÅÔÅ ɉÉÅȢ %-ȟ 6)Ɋ 

ÁUpdates from the International PRRSV 
Symposium, Beijing, China:  May 20-22 
ÁAntigen testing (VI vs. PCR; quantitative PCR) 
ÁPersistence of PRRSV (Timeline) 
ÁSample types for testing 
ÁOptimizing PRRSV sequencing in the D-lab 
ÁFuture of PRRSV diagnostics? 
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South Dakota State University  
Brookings, South Dakota  

Germ- free piglet just delivered by Caesarian section  



ÁIsolated a virus in cell culture. 
 
ÁInfected gnotobiotic piglets with the agent 

and reproduced the disease. 
 
ÁRe-isolated the virus from the infected pigs. 

http://www.general-anaesthesia.com/images/guy-de-maupassant.html
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ÁMolecular evolution of PRRSV 
ǐT. Stadejek, Warsaw, Poland 

ÁType 1 divergence (subtypes), subtype 3 
virulence 

ÁChanges in the C-ÔÅÒÍÉÎÕÓ ɉΩȭ542Ɋ 

ÁMay cause false negative in serology, PCR 

ÁMore type 2 introductions (vaccine + others) 

ÁEastern Europe, all subtypes present 
 
 



ÁImportance of whole genome sequencing 
(>ORF5) 

 

ÁImportance of ring tests (testing diverse 
strains) 

 

ÁImportance of sharing strains, sequence 
information 

 

 



ÁRecombination leads to the re-emergence 
of highly pathogenic PRRSV in China 
ÁM Shi & FC Leung, Sydney, Australia & Nanjing, China 

Á163 complete genome sequences of PRRSV in 
China 
Á67 (38.7%) confirmed recombination 

1995  2005    2013 

1st introduction 1st emergence (HP) 2nd wave recombination 



ÁThe pathogenesis of PRRSV is fully 
determined by the intriguing interplay of 
PRRSV with monocytic cells 
ǐNauynck H et al. 

ÁEmerging Eastern European (Lena) strains 

ÁReplicates 100X more in cells in respiratory tract 

Á$ÏÅÓÎȭÔ ÕÓÅ ÔÙÐÉÃÁÌ ÒÅÃÅÐÔÏÒÓ ÔÏ ÅÎÔÅÒ  

ÁSignificant destruction of dendritic cells in nasal 
mucosa which may increase entry of other 
pathogens 



ÁImportance of filtration? 
Á"Ȣ -ÏÒÒÉÓÏÎȡ  Ȱ#ÏÎÔÒÏÌ ÏÆ 0223 ÏÎ ÆÁÒÍ ÁÎÄ ÒÅÇÉÏÎÁÌ ÌÅÖÅÌȱ 

Á85% reduction in rate of outbreaks 
of farms after filtration compared 
to the 5 years prior to filtration 

Á ȰÅØÔÒÁȱ  biosecurity  ̀

ÁVoluntary regional PRRSV control 



Electron Microscopy (EM) 
Virus isolation (VI) 
Polymerase chain reaction (PCR) 





ÁA 
 
 
 
 
 
 

ÁB 

 
Á 24-72 hr. 
Á 2% horse serum 
Á SDOW 17 PRRSV mAb 

Á24 hrs. 
 
 
 

Á42-46 hrs 
 
 

Á72 hrs. 
 A. No Cytopathic effect (CPE) 

 
B. CPE of PRRSV on MARC-145 cells 
 

Cafruny et al. 2006.  

Virology Journal 3:90 



ÁNested PCR 1992 

 
Detection of PRRSV in Boar Semen  

               by PCR 

 
J Christopher-Hennings, E Nelson, R Hines, S Swenson, 

H Hill, J Zimmerman, J Katz, M Yaeger, C Chase,  

D Benfield.  J. Clin Micro 33:1730-1734; 1995 

 



 
Wasilk A, J Callahan, J Christopher-Hennings  
T Gay, Y Fang, M Dammen, M Reos,  
M Torremorell, D Polson, M Mellencamp,  
E Nelson, W Nelson  
 

Journal of Clinical Microbiology 42:4453; 2004 
 

Detection of US, Lelystad, and 

European-Like PRRSV and Relative 

Quantitation in Boar Semen and 

Serum Samples by Real-Time PCR 



  EZ-PRRSV Ê MPX 4.0 

9901 Belward Campus Drive Å Rockville, MD 20850 Å Phone: 240-268-5400 Å 

 Fax: 240-268-1107  ®Tetracore is a Registered Trademark 

Internal Control can be used as Extraction 
and Inhibition Control 

NA and EU Positive Control with Internal 
Control 

Approximate run time = 1 hr 30 min with automated extraction  



Ź Ct ŷ viral RNA                             

ŷ Ct Ź viral RNA 

Automated Extractions and Real-time PCR 



European- like PRRSV samples  

tested at the National Veterinary Research Institute  

(Pulawy, Poland) OIE Reference Laboratory. 2 

 Stadejek T, Oleksiewicz MB, Scherbakov AV, Timina AM, Krabbe JS, Chabros K, Potapchuk D. Definition of Subtypes in the 

European genotype of porcine reproductive and respiratory syndrome virus: nucleocapsid characteristics and geographical 

distribution in Europe. Arch Virol. 2008;153:147 





ÅControl Set  

ÅNA and EU positive 

ÅInternal Control IVTs  

 

 

ÅQuantification Standards (for standard curve) 

Åprediluted NA and EU IVTs standards 

Å1e5 to 1e2 copies/µl,  

Ådilution buffer (if lower concentration 

standard is desired) 



V 12 replicates, 3 consecutive runs 

Level     Mean Ct       %CV 
} 10e-01     42.3 8.7 
} 10e+00     40.6 4.8 
} 10e+01     36.5 3.8 
} 10e+02     33.7 3.3 
} 10e+03     30.2 2.7 
} 10e+04     25.7 5 
} 10e+05     22.2 5.9 
} 10e+06     19.2 7 
} 10e+07     16.3 7.2 
} 10e+08     12.3 4.1 
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Viral Load in serum & semen by PCR  
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IN VIVO: Viral load in serum; 

 virus isolation in TCID50/ml and PCR in copies/ml 



ÁBiologic assays such as cell culture do measure the 
ÐÒÅÓÅÎÃÅ ÏÆ ÉÎÆÅÃÔÉÖÉÔÙȟ ȰÂÕÔ ÔÈÅÙ ÍÁÙ ÎÏÔ ÃÏÕÎÔ ÁÌÌ 
particles present in a preparation, even many that 
ÁÒÅ ÉÎ ÆÁÃÔ ÉÎÆÅÃÔÉÏÕÓȱ ɉ&ÉÅÌÄÓ 6ÉÒÏÌÏÇÙȟ ÐÇȢ Ψίȟ Ȱ1ÕÁÎÔÉÔÁÔÉÖÅ 
ÁÓÓÁÙ ÏÆ ÖÉÒÕÓÅÓȱɊȢ  

ÁFactors that could affect the infectious titer such as 
cell culture conditions and in vivo antibodies, which 
may neutralize virus have been observed in other 
studies, underestimating the amount of infectious 
virus measured in TCID50/ml in sera (Dianzani, J. Infect. 

Dis. 185:1051-1054, 2002).   
 



ÁSome non infectious or replication defective virus 
may be present which would be reflected by higher 
copy numbers (Bright et. al.  J. Virology 78:2062-
2071, 2004); Bendinelli, Clin. Microbiol. Reviews 
8:87-112, 1995).  
 

ÁCell culture conditions:  pH, incubation time, media, 
etc.  
 



ÁTCID50/ml (cell culture) may underestimate 
the amount of infectious virions present 
 
ÁCopies/ml (PCR) may overestimate the 

amount of infectious virions present 
 
ÁFor biosecurity/eradication purposes, a highly 

sensitive test may be preferred. 



4ÉÍÅÌÉÎÅȣȢ 
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ÁTransmission from a sow infected 99 d earlier. 

(Zimmerman et al. 1992)   (3-4 months)  
 

ÁTransmission of PRRSV by pigs infected 15 wks 

earlier. (Albina et al. 1994)   (3-4 months) 
 

ÁVirus isolation from 1 of 4 pigs 157 dpi (Wills et al. 1997) 

     (5-6 months) 
 
Á Infectious virus in 2 of 5 pigs at 150 dpi (Allende et al. 2000) 

     (5 months) 



Serum, oral fluids (Antibody and Antigen testing)   
semen, tissues (Antigen testing) 



Courtesy of  J. Prickett, J. Zimmerman 



Detection of PRRSV infection in porcine oral fluids samples:  a longitudinal study under experimental conditions.  

J. Prickett, R. Simer, J. Christopher-Hennings, KJ Yoon, R Evans, J. Zimmerman.  JVDI 20:156-163; 2008. 



Blood swab sampling 
during semen collections 

1) Reicks DL, et al. Sampling of adult boars during early 

infection with PRRSV for testing by PCR using a new 

blood collection technique (blood-swab method). 

JSHAP 2006;14:258-264.  

 

2) Dewey  CE, Carman S.  Blood sampling  

      boars, JSHAP 2006;14:267-268. 

 

3) Rovira et al. Evaluation of sensitivity of RT-   

       PCR on individual & pooled samples from 

       boars. JSHAP. 2007; 19:502-507. 

  



Recurrent tarsal vein blood/serum 
collection (for boars) 

3 cc syringe, 20-22 gauge ½ inch long needle 

Courtesy of Dr. Steve Henry, Abilene, Kansas USA 



Specimen Comparison of Individual Samples
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ÁRoutine service of diagnostic laboratories 
 
ÁSerum, tissues, blood swabs or oral fluids 

 
ÁŹcycle threshold (Ct) ŷ virus more likely to obtain 

an ORF 5 (603 bp) product for sequencing  

Áserum > oral fluid 



Á5ÓÅÄ ÔÏ ÄÅÔÅÒÍÉÎÅ ÉÆ ȰÓÁÍÅȱ ÏÒ ȰÄÉÆÆÅÒÅÎÔȱ 
from previous or local PRRSV isolates 
 

ÁNeed intense monitoring over time 

ÁKnowledge of other genotypes in the region 

ÁHerd health status (biosecurity/vaccination, etc.) 

 (M. Murtaugh AASV 2013) 

 

 





ÁOverall Error rate ɀ 0.45% 
ÁPre Analytical error= 68% 
ÁAnalytical error= 13% 
ÁPost Analytical error= 19% 

 
 
 
 

ÍPlebani et al. Clin Chem 43:1348-1351.  1997 



 





Á Unique Tube Identification might currently be the weakest 
link in our traceability efforts. 

Á Barcoding each tube prior to submission might be the best 
fix. 

ÁStickers are easier to put on tubes than writing on 
them? 

ÁOpens doors for electronic submissions 

ÁEliminate transcription errorsɂWe are only Human! 

ÁPotential to save time upfront when logging samples 
into LIMS 



Á1216 samples 
Á1090 or 89.6% -- successful 
Á126 or 10.4% -- 

ÁNo ORF5 product 

ÁUnable to assemble 
 
 



ÁTotal: n=88 
ÁAve. Ct = 35.13 (+/- 1.64) 

 



ÁAverage Ct of faint products= 
34.61 (+/- 1.16) (n=38) 

ÁAll samples with Ct>34.61  

ǐ48% were successful 

ǐ52% were unsuccessful 
 

 



ÁBlue = Cytosine 
ÁBlack = Guanine 
ÁGreen = Adenine 
ÁRed = Thymine 

 

» P-Primer (109)

« S-Primer (700)



» P-Primer (109)

« S-Primer (700)



» P-Primer-OF (223)

« S-Primer-OF (970)
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ÁUnique Animal ID on each tube and unique Site 
Identification with each set of tubes allows for 
traceability and efficiency. 

ÁMost testing errors are pre-analytical! 
 

ÁMajority of the samples that we are unable to 
sequence  

ÁMost likely due to low concentration of viral 
nucleic acid. 

 

 



 
Enzyme-linked immunoassay (ELISA) 



ÅDetects Antibodies to NA and EU isolates 

ÅWidely available and accepted 

ÅHigh throughput, 1000ôs of samples/day 

Å< 4 hr. assay (oral fluids and serum (x3)) 

IDEXX HerdChek® PRRS ELISA 

http://www.idexx.com/view/xhtml/en_us/livestock-poultry/swine/prrs.jsf 

 

Automated plate washer Automated plate reader 

http://www.idexx.com/view/xhtml/en_us/livestock-poultry/swine/prrs.jsf
http://www.idexx.com/view/xhtml/en_us/livestock-poultry/swine/prrs.jsf
http://www.idexx.com/view/xhtml/en_us/livestock-poultry/swine/prrs.jsf




ÁMore rapid/inexpensive whole genome 
sequencing to determine possible genetic 
markers associated ×ÉÔÈ ȰÐÒÏÔÅÃÔÉÏÎȱ  
Á (M. Murtaugh AASV 2013) 

 
Which genetic markers (if they are present) will 
confer immunity against other PRRSV strains? 

 
 
 

 



 Respiratory Panel (sample type:  Serum, lung, oral fluids) 

 

ÅPRRSV, North American 

ÅPRRSV, European-like 

ÅSwine Influenza  

Å Subtypes H1, H3, N1, N2 

ÅPorcine Circovirus (PCV2) 

ÅMycoplasma hyopneumoniae 

ÅActinobacillus pleuropneumoniae 

ÅHemophilus parasuis 

ÅStreptococcus suis  

   



Nursery Enteric Panel (sample type:  feces) 

Å  Rotavirus groups A, B, C 

Å Transmissible Gastroenteritis Virus (TGE) 

Å Salmonella cholerasuis 

Å Salmonella typhimurium 

Å E. coli (fimbriae and toxin typing) 

 K88, K99, 987P, F41, F18, LT, Sta, Stb, Stx2e 

  

Finisher Enteric Panel (sample type:  feces) 

Å Lawsonia intracellularis 

Å Salmonella cholerasuis 

Å Salmonella typhimurium 

  

Septicemia Panel (sample type:  spleen or liver) 

Å Salmonella cholerasuis 

Å Actinobacillus suis 

Å Erysipelas 

Å Streptococcus suis 

  



Courtesy of J. Prickett, P. Hoffman, A. Ramirez, C. Wong, J. Zimmerman, Iowa State University  



Luminex Multianalyte Profiling 

(xMAP®) Overview Technology 

Animation 

http://www.luminexcorp.com/TechnologiesScience/xMAPTechnology/ 

 

http://www.luminexcorp.com/TechnologiesScience/xMAPTechnology/


Bacteria and bacterial toxins (9) 
ÅSalmonella 
ÅShigella 
ÅCampylobacter 
ÅClostridium difficile Toxin A/B 
ÅEnterotoxigenic E. coli (ETEC) LT/ST 
ÅE. coli O157 
ÅShiga-like Toxin producing E. coli (STEC) stx 1/stx 2 
ÅVibrio cholerae 
ÅYersinia enterocolitica 

 
 
Viruses (3) 
ÅAdenovirus 40/41 
ÅRotavirus A 
ÅNorovirus GI/GII 
 
 

Parasites (3) 
ÅGiardia 
ÅEntamoeba histolytica 
ÅCryptosporidium  
 



Experience of a multiplex nucleic acid test for the detection of gastrointestinal pathogens in faecal 

samples.  Christina Öhrmalm et al. Section of Clinical Virology, Uppsula University Hospital, Sweden  



ü  

DEVELOPMENT OF A 

LUMINEX ASSAY 

Vaccine 28 (2010) 5356ï5364 
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(LIFE TECHNOLOGIES) 



ÁDevelopment of a multiplex fluorescent 
microsphere immunoassay for diagnosis of 
porcine respiratory disease complex 

ÁLawson S, Langenhorst R, Ransburgh R, Zhu L, 
Fang Y. (SDSU) 

ǐAntibody responses to PRRSV, SIV, PCV2 

ǐUsed recombinant nucleocapsid antigens  

ǐCompared to ELISA or HI 

ǐ1,444 OF samples; 92% sensitivity, 80.4 specificity  

ǐ2,484 serum, 98% sensitivity, 98% specificity 

 



ÁLuminex application for PCV2 and PRRSV 
diagnosis 

ÁOpriessnig T. 

ÁPRRSV and PCV2 serology 

ÁPCV2 multiple markers 

ǐPCV1, PCV2a, PCV2b, others? 

ǐVaccine compliance? (baculovirus marker) 



ÁOlder techniques are not obsolete! (EM, VI) 
ÁPRRSV is ever changing, recombination, 

virulence 
ÁPCR is a quick method of diagnosis with 

quantitative ability 
ÁPRRSV detection in serum and semen does 

not always correlate 
ÁPRRSV persists:   300 day close down? 
ÁMany easy sample collection techniques 

 
 



ÁPRRSV in serum typically earlier and higher 
levels than in semen 
ÁSequencing 

Álabels important 

Á Ct level most important in obtaining a sequence 
(lower the better) 

ÁFuture 

ÁWhole genome sequencing? 

ÁMultiplexing? 

 



Thank you! 


