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‘Use of Gnotoblotlc Facility

Germ- free piglet just dellvered by Caesarian section

South Dakota State University
Brookings, South Dakota




Emerging Diseases:

Fulfillment of Koch'’s postulates

|Isolated a virus In cell culture.

Infected gnotobiotic piglets with the agent
and reproduced the disease.

Reisolated the virus from the infected pigs.
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Update from the International PRRSV

Symposium, Beijing, China May 20-22, 2013

Molecular evolution of PRRSV
T. Stadejek Warsaw, Poland

Type 1 divergence (subtypes), subtype 3
virulence

Changesinthe @ AOI ET OO j Q0
May cause false negative in serology, PCR
More type 2 introductions (vaccine + others)
Eastern Europe, all subtypes present




Update from the International PRRSV

Symposium, Beijing, China May 20-22, 2013

Importance of whole genome sequencing
(>ORF5)

Importance of ring tests (testing diverse
strains)

Importance of sharing strains, sequence
iInformation



Update from the International PRRSV

Symposium, Beijing, China May 20-22, 2013

Recombination leads to the reemergence
of highly pathogenic PRRSV in China

M Shi & FC Leung, Sydney, Australia & Nanjing, China
163 complete genome sequences of PRRSV
China
67 (38.7%) confirmed recombination

1995 2005 2013

1stintroduction 1St emergence (HP) 2"d wave recombination



Update from the International PRRSV

Symposium, Beijing, China May 20-22, 2013

The pathogenesis of PRRSV is fully
determined by the intriguing interplay of
PRRSV with monocytic cells
Nauynck H et al.
Emerging Eastern European (Lena) strains
Replicates 100X more in cells in respiratory tract
$1 AOT 60 OOA OUDEAAI OA;
Significant destruction of dendritic cells in nasal

mucosa which may increase entry of other
pathogens




Update from the International PRRSV

Symposium, Beijing, China May 20-22, 2013

Importance of filtration?
"8 -1 OOEOI 1T q o#1 1 OOl 1 1T &
85% reduction in rate of outbreaks
of farms after filtration compared
to the 5 years prior to filtration

A @ Olaokarurity
Voluntary regional PRRSV control



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

Antigen testing for PRRSV




Exposure to
PRRSF

Temporal sequence of events after
infection of a pig with PRRSV

OJ Lopez, FA Osorio Vet. Immunol. & Immunopath. 102:155-163, 2004
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A. No Cytopathiceffect (CPE)

Cafruny et al. 2006.

B. CPE of PRRSV on MARGES cells

Virology Journal 3:90



PRRSV PCR
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Detection of PRRSV in Boar Semen
by PCR

J ChristopheHennings, E Nelson, R Hines, S Swenso
H Hill, J Zimmerman, J Katz, Maeger C Chase,
D Benfield. JClin Micro 33:17301734; 1995



Real-time PCR (2002)

Detection of US, Lelystad, and
European-Like PRRSV and Relative
Quantitation in Boar Semen and
Serum Samples by Real-Time PCR

WasilkA, J Callahan, J ChristophEennings
T Gay, Y Fang, M Dammen, Réos

M Torremorell, D Polson, Mlellencamp

E Nelson, W Nelson

Journal ofClinical Microbiology 42:4453; 2004
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Delta R vs Cycle Delta Rn vs Cycle
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Internal Control can be used as Extraction NA and EU Positive Control with Internal
and Inhibition Control Control

Approximate run time = 1 hr 30 min with automated extraction

9901 Belward Campus Drive A R@6HBWOIOI &, M
Fax: 240-268-1107 ®Tetracore is a Registered Trademark




Automated Extractions and Real-time PCR
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European- like PRRSV samples
tested at the National Veterinary Research Institute
(Pulawy, Poland) OIE Reference Laboratory. 2

. e Method of
Sample Name Origin Cfi:l{m thfa‘:ue ((:ZE ?.a({l?g ﬁﬂfs
Isolation
EU PRRSV Subtype 1
Zol 54 20.26 27.52 28.89
Zol 55 Rosty /Poland = NoCt | 28.11 27.87 1-m§;h;ure
Zol 36 27.10 25.26 29.03
2POR 2337 19.67 31.42 AGA
3POR Rzepki /Poland  NoCt = 27.37 28.92 Biotech
A3/25 20.91 19.24 30.16 columns
CR_660/1 Pig Danica / NoCt | 23.63 31.98 Roche
CR_660/2 Croatia 22.62 19.24 28.71 | MagNA Pure
CR_1152/10  Pig Magadenovac NoCt  20.64 292 Roche
CR_1152/4 / Croatia NoCt 3031 2076 | MagNA Pure
CR_1102 Pig Fkofarma/ = 29.03 24 .87 29,66 Roche
CR_11013 Croatia NoCt | 2821 2935 | MagNA Pure
EU PRRSV Subtype 2
B120 VA Ukeaine NoCt | 2741 33.44 Roche
1 POR VA NoCt | 26.87 2088 | MagNaPure
LT3 — 13.44 12.62 40.88 Nono given
L3 1:1000 21.51 10.82 28.77
EU PRRSYV Subtype 3
G2/25 21.56 20.80 30.36
B3/2S Turiec /Belarus | 22.82 | 21.68 | 30.09 1-13523;}1;11&
A1/30 22.61 21.78 20.43
Soz Soz [ Belarus 26.81 2477 311 None given

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



Quantitative Real-time RT-PCR



Controls & Standards

A Control Set
A NA and EU positive
A Internal Control IVTs

A Quantification Standards (for standard curve)
A prediluted NA and EU IVTs standards
A 1e5 to 1e2 copies/pl,
A dilution buffer (if lower concentration
standard is desired)




Reproducibility & Standard curve for PRRSV

Quantitation

Reproducibility
US PRRS Assay

12 replicates, 3 consecutive runs
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Viral Load Iin serum & semen by PCR

10000000 10000000

100000 100000

1000

copies/ml

1000
10 10
1 5 10 15 19 24 29 36 44 58 72 86 1 5 10 15 19 24 29 36 44 58 72 86

Days post inoculation Days post inoculation

10000000 10000000

100000 100000

S

3
7
QL

o
o

o

1000 1000

10 10

1 5 10 15 19 24 29 36 44 58 72 86 1 5 10 15 19 24 29 36 44 58 72 86

Days post inoculation Days post inoculation

10000000 - 10000000 -

100000 - 100000 -

copies/ml

1000 A 1000 A

copies/ml

10 - 10 -
1 5 10 15 19 24 29 36 44 58 72 86 1 5 10 15 19 24 29 36 44 58 72 86

Days post inoculation Days post inoculation




Quantitation of PRRSV via
PCR vs. VI
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Viral load in serum Viral load in serum

Viral load in serum

virus isolation in TCID.,/ml and PCR in copies/ml|
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TCIDso/m
virions?

 underestimate of infectious

P 4 L L4 P N
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partlcles present in a preparation, even many that
AOA E [EA AsG A Eilo &K AiO E ¢ 1@ O
AOOAU 1T £ OEOOOAOO6QS

Factors 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/mlsara(pianzani, J. Infect.

Dis. 185:1051054, 2002).

BIO| EIC assays such as cell culture do measure the




Copies/ml, Overestimate of infectious

virions?

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

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



Conclusions

TCIQ/ml (cell culture) may underestimate
the amount of infectious virions present

Copies/ml (PCR) may overestimate the
amount of infectious virions present

For biosecurity/eradication purposes, a highly
sensitive test may be preferred.
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Relationship of PRRSV in serum,
semen & tissues by PCR and VI
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Duration of PRRSV shedding in
semen (days post inoculation)
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Duration of PRRSV in semen &
viremia (days post inoculation)
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Duration of PRRSV in semen,
serum (VI & PCR)

(days post inoculation)
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Persistence of PRRSV (live virus)

Transmission from a sow infected 99 d earlier.
(Zimmerman et al. 1992) (3‘4 monthS)

Transmission of PRRSV by pigs infected 15 wks
earlier. amwina et al. 1994) (3—4 months)

Virus isolation from 1 of 4 pigs 157 clfas et ai. 1997)
(5-6 months)

Infectious virus in 2 of 5 pigs at 150 @ighde et al. 2000)
(5 months)



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

Sample types




Oral fluid sampling for Ab & Ag testing

(developed at lowa State University, USA)

Courtesy of J. Prickett, J. Zimmerman



Serum and oral fluid levels by PCR after

PRRSV inoculation

2.0 - / \ —— Orel Fluid

0.5 4

0.0 4

PRRSV gRT-PCR (log,, TCID, cquivalents per ml)

Week post inoculation

Detection of PRRSYV 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- 08425/ S8
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 Y2 inch long needle
Courtesy of Dr. Steve Henry, Abilene, Kansas USA



Specimen Comparison of individual

samples from boars (n=18)

Specimen Comparison of Individual Samples

100

80 A

60 1 = Blood Swab PCR

S

> = Serum PCR

2 40 Raw Semen PCR

% = Serum ELISA

n 20 4 = Extended Semen PCR
0 e —

-20 -

Days Post Inoculation

Rovira A, T Clement, J Christopher-Hennings, B Thompson, M Engle, D Reicks, C
Munoz-Zanzi. Evaluation of the sensitivity of RT-PCR to detect PRRSV on individual
and pooled samples from boars. JVDI 19:502-509; 2007



PRRSV Sequencing

Routine service of diagnostic laboratories
Serum, tissues, blood swabs or oral fluids

Zcycle threshold (Cty virus more likely to obtain
an ORF 5 (603p) product for sequencing

serum > oral fluid



Value of PRRSV Sequencing

50AA O AAOAOI EI A EE
from previous or local PRRSYV Isolates

Need intense monitoring over time
Knowledge of other genotypes in the region
Herd health status (biosecurity/vaccination, etc.)

(M. MurtaughAASYV 2013)



Optimizing success In sequencing
In the veterinary diagnostic
laboratory




One study in a human medical

laboratory

Overall Error rateg 0.45%
Pre Analytical errcr 68%
Analytical error= 13%
Post Analytical error= 19%

Plebaniet al.ClinChem43:13481351. 1997



Everyone is doing it!
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Unique Tube Identification (bar code

better than “writing”?)
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Traceability

Unigue Tube Identification might currently be the weakest
link In our traceability efforts.

Barcoding each tube prior to submission might be the best
fix.
Stickers are easier to put on tubes than writing on
them?
Opens doors for electronic submissions
Eliminate transcription errors \We are only Human!

Potential to save time upfront when logging samples
Into LIMS



PRRSV ORF5 Sequencing

From 2-7-2012 t0 2-7-2013

1216 samples
1090 or 89.6%- successful
126 or 10.4%-

No ORF5 product
Unable to assemble



ORF5 Negative

Total: n=88
Ave. Ct = 35.13 (#.64)



Faint ORFg Product

Unable to obtain sequence data

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

All samples with Ct>34.61
48% were successful
52% were unsuccess|




Serum Sample From Individual Animal
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Serum Sample From Individual

Animal

pPPmer(109) G AGACCGCCAACOATAGAGTTTGCCCTTGGTGTCTAGAAGIAMATTAGTAT
LG CCGCC L ACGEATAGAGTTTGCCCTTGGETCTCTAGAAGARELATTAGTAT]

l

«SPmer(100) GAGACCGECCAACGATAGAGTTTGCCCTTGGTGTCTAGAAGALIARTTAGTAT
LG CCGCC L ACGEATAGAGTTTGCCCTTGGETCTCTAGAAGARELATTAGTAT]




Oral Fluid Rope Sample

CoCCATAGGAGACALATOTGCAGTTAACACCGOARAGATOACAARAGTCOTCC
COeCCATIGGRGAICAATOTGAGTTARCACCGOAREGATOACEIRRGTCOTCC

VYW ‘ % AW Y s

CoCCATAGGAGACALATOTGCAGTTAACACCGOARAGATOACAARAGTCOTCC
COeCCATIGGRGAICAATOTGAGTTARCACCGOAREGATOACEIRRGTCOTCC




Pooled Serum from 5 animals

CCACCGCCGGATATTATCRACGGGCGGTATGTATTGAGTAGCATTTACGCTGTETGTGCCCTR
CCACCGCCGGATATTATCRACGGGCGGTATGOGTATTGAGTAGCATTTACGCTGTCTGTGCCCTR

N 0 P\ A i A A

CTACCGCCGGGTATTACCATGGGOCGGTATGTCT TGAGTAGCAT CTACGCTGTGTGOTGCCCTG
CCACCGCCGGATATTATCACGGGCGGTATGTATTGAGTAGCATTTACGCTGTCTGTGCCCTG
CCRCCGCCGOATATTIATCACGGGCGOTATOTAT TGAGTAGCATT TACGCTGTGTGTGCCCTG
CCACCGCCGGATATTATCACGGGCGGTATGTATTIGAGTAGCATTTACGCTGTGTGTGCCCTG

SRR LA A e AN SN L AN WA S s AN

CCACCGCCGGATATTACCACGGGCGGTATGTATTGAGTRAGCATTTACGCTGTGTGTGCCCTG(
CCACeGCCeGATATTACCACGGGCGGTATGOGTATTGAGTAGCATTTACGCTGTGTGTGCCCTG(

— o ™ e e T P T S
TCCACCGCCGGILTJ.TTJLCCACGGGCGGTATGTATTGLGTAGCA

+ + ¥ + +




Take Home Message for

sequencing diagnostics

Unique Animal ID on each tube and unidbiée
|dentification with each set of tubes allows for
traceability and efficiency.

Most testing errors ar@re-analytical!

Majority of the samples that we are unable to
sequence

Most likely due to low concentration of viral
nucleic acid.



Antibody testing (Serology) for
PRRSV

Enzymelinked immunoassay (ELISA)



IDEXXHerdCheRPRRS ELISA

Metects Antibodies to NA and EU isolates
Avidely available and accepted

— N

Aigh throughput, 1 lerimiass

LABORATORIES

A< 4 hr. assay (oral fluids and serum (x3,

Automated plate washer Automated plate reader L
http://www.idexx.com/view/xhtml/en us/livestock- poultrv/swme/prrs |Sf



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

Future PRRSV Diagnostics



Future of PRRSV Sequencing

Morerapid/inexpensive whole genome
sequencing to determine possible genetic
markersassociatedxk EOE ODP@OT OA A (

(M. MurtaughAASYV 2013)

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



Swine diagnostic multiplex panels

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

A PRRSV, North American

A PRRSV, European-like

A Swine Influenza

A Subtypes H1, H3, N1, N2

A Porcine Circovirus (PCV2)

A Mycoplasma hyopneumoniae

A Actinobacillus pleuropneumoniae
A Hemophilus parasuis

A Streptococcus suis



Swine multiplex diagnostic panels

Nursery Enteric Panel (sample type: feces)
A Rotavirus groups A, B, C
A Transmissible Gastroenteritis Virus (TGE)
A Salmonella cholerasuis
A Salmonella typhimurium
A E. coli (fimbriae and toxin typing)
K88, K99, 987P, F41, F18, LT, Sta, Stb, Stx2e

Finisher Enteric Panel (sample type: feces)
A Lawsonia intracellularis
A Salmonella cholerasuis
A Salmonella typhimurium

Septicemia Panel (sample type: spleen or liver)
A Salmonella cholerasuis

A Actinobacillus suis

A Erysipelas

A Streptococcus suis




Ag Monitoring/surveillance with oral fluid sampling/multiplexing

Barn 7 Barn 8 Barn 9 Barn 10

Barn 1 Barn 2 Barn 3 Barn 4 Barn 5 Barn 6
Week by pen by pen by pen by pen by pen
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NONE OF THREE ALL THREE

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



Luminex Multianalyte Profiling
(XMAP®) Overview Technology
Animation

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



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

XxTAG" Gastrointestinal Pathogen

Panel (XTAG GPP)
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Experience of a multiplex nucleic acid test for the detection of gastrointestinal pathogens in faecal
samples. Christina Ohrmalm et al. Section of Clinical Virology, Uppsula University Hospital, Sweden



Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier.com/locate/vaccine

Development of an 8-plex Luminex assay to detect swine cytokines for vaccine
development: Assessment of immunity after porcine reproductive and
respiratory syndrome virus (PRRSV) vaccination

Steven Lawson?, Joan Lunney®, Federico Zuckermann®, Fernando Osorio¢, Eric Nelson?, Craig Welbon?,
Travis Clement?, Ying Fang?, Susan Wong®, Karen Kulas€, Jane Christopher-Hennings**

2 Veterinary Science Department, South Dakota State University, North Campus Drive, Brookings, SD 57007, United States

® Animal Parasitic Diseases Laboratory, ANRI, ARS, USDA, Building 1040, Room 103, BARC-East Beltsville, MD 20705, United States
€ Department of Pathobiology, College of Veterinary Medicine, University of llinois, Champaign-Urbana, IL 61802, United States
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MULTIPLEXED CYTOKINE (COMMERCIALIZED) ASSAY
(LIFE TECHNOLOGIES)
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Update from the International PRRSV

Symposium, Beijing, China May 20-22, 2013

Development of a multiplex fluorescent
microsphere immunoassay for diagnosis of
porcine respiratory disease complex
Lawson S, Langenhorst R, Ransburgh R, Zhu L,
Fang Y. (SDSU)

Antibody responses to PRRSV, SIV, PCV2

Used recombinant nucleocapsid antigens
Compared to ELISA or HI

1,444 OF samples; 92% sensitivity, 80.4 specificity
2,484 serum, 98% sensitivity, 98% specificity



Update from the International PRRSV

Symposium, Beijing, China May 20-22, 2013

Luminex application for PCV2 and PRRSV
diagnosis

Opriessnig T.

PRRSV and PCV2 serology

PCV2 multiple markers
PCV1, PCV2a, PCV2b, others?
Vaccine compliance? (baculovirus marker)



Conclusions

Older techniques are not obsolete! (EM, VI)
PRRSV Is ever changing, recombination,
virulence

PCR Is a quick method of diagnosis with
guantitative abllity

PRRSV detection in serum and semen does
not always correlate

PRRSV persists: 300 day close down?
Many easy sample collection techniques



Conclusions

PRRSV In serum typically earlier and higher
levels than In semen
Sequencing

labels important

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

Future
Whole genome sequencing?
Multiplexing?






