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l.l Introduction 

Le premier volet de ce projet de recherche consistait à mettre en évidence, grâce à la 

technique de PCR, un circovirus porcin dans les tissus de porcs présentant des signes 

cliniques et lésions compatibles avec la nouvelle entité clinique, soit le syndrome SDPS. 

Puis, il fallait démontrer, à l'aide d'un test PCR multiplex (mPCR) et des analyses de 

séquençage, que ce circovirus porcin isolé de porcs atteints du SDPS était distinct de 

celui retrouvé dans la lignée cellulaire PK -15. Ces objectifs constituaient en somme les 

hypothèses émises dans ce projet de maîtrise. Afin d'y parvenir, diverses amorces 

oligonucléotidiques ont été conçues d'abord à partir de la séquence d'ADN de la souche 

PK- 15 du CVP, puis ensuite à partir de celle de la souche ayant été associée au SDPS 

dans l'ouest canadien ( Hamel et al. 1998). 

Ce chapitre portant sur le diagnostic moléculaire a été subdivisé en deux parties: la 

première partie contient l'article sur la détection et le typage des circovirus porcins au 

moyen d'un multiplex PCR, accompagné d'un erratum et d'un sommaire (section 1.2); la 

deuxième partie porte plutôt sur les résultats des analyses de séquences de trois isolats 

québécois de CVP2 ainsi qu'une courte discussion (section 1.3). 
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1.2 Sommaire 

Des paires d'amorces oligonucléotides ont été conçues suivant les séquences des 

cadres de lecture ouverts ORF1 et ORF2 d'un prototype de la souche CVPI non 

pathogénique infectant les cellules PK-15 de façon persistante. À l'aide de la 

technique PCR, appliquée avec ces amorces, l'ADN ou l' ARN génomique d'autres 

pathogènes viraux ou bactériens des voies respiratoires de porcs n'a pu être 

amplifié. Cependant, une réaction d'amplification positive a pu être visualisée à 

partir de l'ADN extrait d'une suspension de CVP1 contenant aussi peu que 10 

particules par ml. Par contre, aucun fragment d'ADN n'a pu être amplifié à partir 

de lysats de lignées cellulaires porcines (cellules PT, ST et PFT), lesquelles sont 

reconnues comme étant négatives pour le PCV. L'application de la technique PCR 

sur des échantillons cliniques prélevés de porcs, a révélé presque 93% (13 de 14 

échantillons) de corrélation entre les résultats obtenus par PCR et ceux des examens 

histopathologiques et immunohistochimiques. Des infections sous-cliniques de PCV 

ont pu être détectées par PCR, à partir des échantillons cliniques provenant 

d'animaux sans problèmes respiratoires et/ou entériques. Sur la base des séquences 

nucléotidiques des souches PCV (PCV2), associées récemment aux épidémies du 

syndrome de dépérissement en post-sevrage des porcs ( SDPS) affectant les 

porcheries du Québec et du Canada, d'autres amorces ont été conçues à partir du 

génome du PCVl. Celles-ci se sont avérées inaptes à amplifier les fragments 

génomiques spécifiques aux gènes ORF1 et ORF2 des isolats cliniques associées au 

SDPS, mais en mesure d'amplifier l'ADN issu de la souche PCVl. Deux méthodes 

PCR multiplex (mPCR) rapides ont été développées pour distinguer entre les deux 

génotypes de PCV. Dans le premier mPCR, une paire d'amorces a été utilisée pour 

amplifier un fragment d'ADN de 488 pb spécifique aux gènes ORF2 des deux 

génotypes, alors qu'une seconde paire n'a pu amplifier un fragment de 375 pb 

spécifique au gène ORFI de la souche PCV-1. Dans le second mPCR, deux paires 

d'amorces ont été utilisées, la première pour amplifier spécifiquement un fragment 
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d'ADN de 646 pb du gène ORFl des deux génotypes, la seconde pour amplifier un 

fragment de 425 pb qu'à partir du gène ORF2 de la souche PCV2. Grâce à ces deux 

méthodes mPCR, une infection de PCV2 dans les tissus de 94.2% (33 des 35) des 

porcs malades a été démontrée, en accord avec les résultats rapportés 

antérieurement, lesquels montraient une étroite association du nouveau génotype de 

PCV avec les épidémies de SDPS rapportées en Europe et en Amérique du Nord. 

D'autre part, une infection de PCVl a été confirmée que dans seulement 5. 7% (2 

des 35) des porcs, alors qu'une infection mixte avec du PCV2, a pu être confirmée 

dans ce même échantillonnage à l'aide d'un simple PCR utilisant des amorces 

spécifiques au PCV2. 
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Sets of oligonucleotide primers were designed according to the sequences of the open reading frames (ORFs) 
ORF1 and ORF2 of the prototype nonpathogenic PK-15 strain of porcine circovirus (PCV) type 1 (PCV-1). Dy 
the PCR performed with the varions primer sets, genomic DNA or RNA from other bacterial or viral pathogens 
of the respirntory tracts of pigs could not be amplified. A positive amplification reaction could be visualized 
with DNA extracted from a viral suspension contalning as few as 10 viral particles per ml. No DNA fragment 
could be amplified from lysates of continuons porcine celllines (PT, ST, and PFT cells) known to be negative 
for PCV. Wben tested with clinical samples from pigs, the results of the single PCR method showed nearly 93% 
(13 of 14 samples) correlation with histopathological and immunohistochemical findings. lnterestingly, sub­
clinical PCV infections could be detected by single PCR with clinicat samples that have been submitted from 
animais with irrelevant cases of respirntory and/or coterie problems. On the basis of the nucleotide sequences 
of PCV strains (PCV-2) recently associated with outbreaks of postweaning multisystemic wasting syndrome 
(PWMS) in Quebec, Canada, pig farms, other primers were designed from the PCV-1 genome, and these 
primers failed to amplify genomic fragments specifie to the ORF1 or ORF2 genes of clinicat isolates associated 
with PWMS but amplified DNA from the PCV-1 strain. Two rapid multiplex PCR (mPCR) methods have been 
developed to distinguish between both genotypes of PCV. Dy those two mPCR methods, (i) species-specific 
primer pairs were used to amplify a DNA fragment of 488 bp specifie for the ORF2 genes of both genotypes, 
whereas a 375-bp fragment was amplified from the ORF1 gene of the PCV-1 strain only, or (ii) species-specific 
primer pairs were used to amplify a DNA fragment of 646 bp specifie for the ORF1 genes of both genotypes, 
whereas a 425-bp fragment was amplified from the ORF2 gene of the PCV-1 strain only. Dy both mPCR 
methods, a PCV-2 infection was demonstrated in tissues of94.2% (33 of35) of the sick pigs tested, in agreement 
with previous findings showing the close association of this new genotype of PCV with outbreaks of PMWS in 
Europe and North America. On the other band, a PCV-1 infection was confirmed in only 5.7% (2 of 35) of the 
pigs, and confirmation of a mixed infection with PCV-2 was obtained by a single PCR with PCV-2-specific primers. 

Poslweaning mullisystemic wasling syndrome (PMWS) is an 
apparently new disease of 5- to 8-week-old pigs being diag­
nosed with increasing frequcncy in Canada (4, 11, 15), the 
United States (2, 5, 17), and Europe (2, 18, 29). Clinically, the 
discase is characterized by progressive weighl Joss, respiratory 
signs (tachypnca, dyspnca), andjaundice (2, 11, 25). Consistent 
macroscopic and histological lesions include lymphocytic lo 
granulomatous interslitial pncumonia, lymphadenopathy, and, 
Jess frcquenlly, lymphocytic to granulomatous hepatitis and 
nephritis. Distinctively, multinucleated giant cells and baso­
philie cytoplasmic inclusion bodies are observed mostly in 
lymph nades, tonsils, and Pcyer's patchcs of the ileum (2, 11, 
17, 25). Previous invcstigators have reported morbidity rates 
ranging from 5 to 50% in affected hcrds, with close to 100% 
mortalily in sick piglcts (25). There is growing evidence thal a 
porcine circovirus (PCV) is associated with PMWS (2, 5, 11, 
17, 25), and quite recenlly, a Canadian group has succcedcd in 
reproducing typical signs and lesions of PMWS with the su­
pernatant of PCV-infected ccli cultures (12). Interestingly, the 
PCV strain isolated from animais with PMWS has been shown, 
by its pathogenesis and genome sequence, lo dilfer from the 
nonpathogenic PCV strain (14, 22, 24). The latter was first 
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detected as a noncytopathic contaminant of a continuons pig 
kidncy (PK-15) ccli line (33) that failed to reproduce clinical 
disorders or lesions aftcr being inoculated inlo healthy pigs (1, 
30). 

The PK-15 PCV strain (a PCV type 1 [PCV-1] strain) was 
characterizcd as a small noncnveloped virus that contains a 
single-strandcd circular DNA genome of 1.76 kb and was clas­
sified in a newly recognized virus family, the Circoviridae (23), 
along with chicken anemia virus (34), bcak-and-fcather discase 
virus of psiltacine birds (27), and severa! plant viroses (3, 16, 
28). No recognized DNA sequence homologies or common 
antigenic determinants exist between PCV and the currently 
recognizcd circoviruses (25). Recently, it was suggested thal 
the family members be reclassified into three groups, with 
beak-and-feather diseasc virus and PCV remaining members 
of the Circoviridae family and chicken anemia virus and plant 
circoviruses being grouped into new distinct families (26). 

Until recently, severa! mcthods have been uscd for the de­
tection of PCV without discriminating among the different 
strains: virus isolation in ccli cultures, electron microscopy, in 
situ hybridization, and immunohistochemical staining with hy­
pcrimmune serum (2, Il, 17, 25). Scrological surveys by indi­
rect immunofluorescence, immunoperoxidase, or enzyme-linked 
immunosorbcnt assays indicate thal antibodies to PCV-1 are 
very common in North American and European pig herds (2, 
10, 14, 18, 23, 32). Type-specifie serological tests are needed lo 
study the prcvalence of the PMWS-associated PCV strain. 
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Recenlly, the use of PCR for the detection of the PCV genome 
in tissues of infected pigs has been described (12, 25) and has 
enahlcd compawtivc scqucncing studies of the genomes of 
both nonpathogenic (PCV-1) and pathogenic or PMWS-asso­
ciatcd (PCV-2) strains. Ovcrall, the genome of PCV-1 and 
those of PMWS-associated PCV-2 strains isolated in the 
United States, Canada, and France have becn found to share 
only 68% sequence identity, with their first halves (nucleotide 
[nt) positions 1 to 9011) having over 82% sequence homology 
and their second halves (nt 901 to 1768 or 1759) having only 
62% homology (14, 22, 25). The combined use of PCR for 
amplification of the cntire genome and determination of the 
EcoRl digestion palterns also allowed discrimination of both 
types of PCV strains (22, 25). In this report, we describe the 
devclopment and application of a rapid multiplex PCR 
(mPCR) assay with primer sets capable of dctecting and typing 
PCV in clinical rcspiratory samplcs. 

lltATERIALS AND 1\tETHODS 

Cells and l'CV reference stralns. PK-15 cells (PK-15 is a continuous pig kidney 
cclllinc IATCC CCL13I persistcntly infectcd with PCV-1) wcrc kindly providcd 
to us hy A. Afshar, Animal Discascs Rc...:arch lnstitutc, Agriculture Omada, 
Nepcan, Ontario, Canada. Cells wcrc grown as monolayers in 75- or 150-cm2 

tissue culture Hasks in minimum cssential medium (MEM) supplemented with 
5% fctal bovine serum, 1 mM glutaminc, 1% sodium pyruvnle, 100 U of pcni­
cillin per ml. and lOU f.Lg of strcptomycin pcr ml. Virus growth was monitored by 
immunoOuoresccncc (25) with a rahbit hyperimmune serum produced to puri­
fied I'CV-1 by immunimtion protocols dcscribcd clscwhcre (6, 7). F<lf the pur­
poses of virus and •·irnl DNA purification, viral yield was improved by trcating 
the ecUs with JOO mM glucosaminc (31). The virus was haJVcstcd by frcezing am.l 
thawing infcctcd ecUs thrcc times and rcmoving cellular debris by centrifugation 
at 5,UI.M) x g for 15 min. Following one extraction stcp with an cqual volume of 
trichlorotrifluorocth:mc (Freon; Fisher Scicntific, DoJVal, Qucbcc, Canada) to 
remm·c lipoprotcins and cellular membranes, virus was pelletcd by di.lfcrential 
ultracentrifugation at I(J(l,O«KK X g for J h through o cushion of a JO% (wt/vol) 
sucrose solution. Conccntratcd virus was thcn purified hy C•O isopycnic gradient 
ultracentrifugation as described previously (7). After an overnight centrifugation 
at 100,000 x g. virus band was collectcd and the matcrial was checkcd by 
negativcly stained electron microscopy (8). 

The lt\F-614 and IAF-4J70 strains of PCV-:! werc isolated from the lungs of 
5- to 9-weck-old pigs in Quebcc with clinicat signs and lesions compatible with 
PMWS. Both strains wcrc propagated on PK-15A ecUs (PK-15 Ais a PK-15 ccli 
li ne shawn to be frec of PCV) obtaincd from the National V etcrinary SeJVicc 
Laboratory, U.S. Dcpartmcnt of Agriculture, Ames, Iowa. Three othcr cclllines, 
PT and ST-148 (swinc testiclc) and PFT (porcine fallopian tube) (7), wcrc uscd 
as negative cuntrols. 

Viroses und baclerio used in specificlly lests. The porcine mycoplasmas and 
walled bacteria uscd in the specificity tests arc listed in Table 1. Mycup/asma 
hyupncunwniac, l>(vcoplasma hyorhinis, and Mycop/asma fermentens werc culti­
vated in modificd Friis medium ( IJ). Gram-positive and gram-negative bacle ria 
commonly as.~uciated with respiralOry disorders in pig.• wcre grown in nutricnt 
broths and wcrc kindly providcd to us by S. Messier, Faculty of Vcterinary 
Medicine, University of Montreal, St-Hyacinthc, Qucbcc, Canada. Pig viruses 
uscd as controls included the IAF-Kiop strain of porcine reproductive and 
respira tory syndrome virus (PRRSV), the Purduc strain of porcine transmissible 
gastroentcritis virus (ATCC VR763), the IAF-0890 strain of porcine cncepha­
lomyocarditis virus, the NADL-2 strain of porcine paJVovirus, and the A/Sw/ 
Quebec/5393/91 (swQC-91) strain of swinc influenza virus. The origins, cultiva­
lion. and purification procedures for thcse reference vi ruses have bcen describcd 
clsewhere (6-8, 20). 

Cllnicul specimens or samples. Fresh, a.• weil as frozen, specimens of lungs, 
lymph nodcs, spleens, and tonsils of 5- to 12-wcck-old pigs su.lfcring from rcspi­
ratory problems accompanicd by progressive wcight loss wcrc obtaincd from 
regional Animal Pathology Laboratorics of the Ministry of Agriculture in Que­
bec, as weil as from the Vctcrinary Faculty Diagnostic Laboratory, University of 
Montreal, SI-Hyacinthe, Quebec, Canada. A.lfccted pigs originatcd from farrow­
to·finish operations in southem Quebcc. ln four of these animais, previously 
forwardcd to the Department of Pathology, Western College of Veterinary 
Medicine, University of Saskatchewan, Saskatoon, Saskatchewan, Canada, the 
presence of PCV antigen in the lungs, spleens, and lyrnph nodcs was confirmcd 
by immunoperoxidasc staining with rabbit hyperimmune serum (11). 

Nuclelc acid extraction. Viral genomic DNA was cxtracted either from 400 111 
oflysatcs of PK-15 ecUs pcrsistcntly infectcd with PCV-1, CsCI gradient-purificd 
viral preparation, or 100 mg of frcsh or frozcn clinicat specimens from dyspneic 
piglets with a commercial DNA extraction kit (Tripure; Ooehringer Mannheim. 
Laval, Quebec, Canada) according to the manufacturer's directions. To elimi­
natc any contamination in the haJVcsting proccss, lung tissues collectcd from 
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TABLE 1. Baclcrial and viral slrains uscd in the l'Cl{ 
specificity lests 

Specics 

Mycoplasma llyop11cumo11ial' 
Mycoplasma ltyorlli11is 
Mycoplasma floccularc 
Mycop/asma arginini 
Aclwlcplusmu luidluwii 
Eschcricllia coli 
Hucmopllilus parusuis 
Strcptococcus nlis 
Actinobuci/lus suis 
Actinobacillus plcuropncwnoniac 
Actinobaci/lus pleuropncumoniac 
Bordctclla bronc/riscptica 
Pastcure/la multocida 
PRRSV 
Transmissible gastrocntcritis virus 
Enccpllalumyucarditis vims 
Porcine parvovints 
Porcine influenza t•ims 
Porcine circovinLf 

Strain 

ATCC'' 
ATCC 
ATCC 
ATCC 
ATCC 
Field slrain 
Field strain 
Field strain 
Field strain 
Serotypc 1 
Scrolypc 5 
Field strain 
Field strain 
IAF-Klop 
Purdue 
IAF-0!!90 
NADL-2 
NSw/Quebcc/5393191 
I'K-15 

• +, amplilication; - , no amplification. 
b ATCC, Amcrican Type Culture Collection. 

PCR 
rcsuhs" 

+ 

specific-pathogcn-frec pigs wcrc prncc.o;.•ed simultancously. Following extraction, 
the pcllctcd DNA w:1s rcsuspcndcd in JOO ,.1 of Il mM N:~OI-I with 0.1 M HEI'ES 
and was kepi at - 20"C un til use. 

Single PCR. ln prcliminary expcriments, live oligonuclcotidc primcrs sui table 
for single PCR wcrc sclcctcd from a published PCV-1 sequence (GcnBank 
accession no. U49186) (19, 2J). Primer pairs wcre sclectcd in open reading frame 
(ORF) ORFI regions for which 86 to 100% nt sequence idcntities have becn 
idcntified hetwecn PCV-1 and PCV-2 strains. Di.lferent comhinatinns wcrc cval­
uated in ordcr to obtain amplification of DNA fragment• corresponding to the 
ORFI genes of both genotypes ranging from J75 to 865 bp in length. Ali primcrs 
chosen were 16-to 21-mcrs and had G + C contents of less titan or cqualto 55%. 
The sequences of the oligonuclcotide primcrs uscd for single PCR and thcir 
positions on the virus genome arc dcscribcd in Table 2. A set of oligonucleotidc 
primcrs (primcrs ORF2.PCV2.S4 and ORF2.PCV2.AS4) was nlso dcsigncd in 
ordcr to permit specifie amplification of a DNA fragment of 49J hp in lcngth of 
the ORF-2 of PCV-2 only (Table 2). 8oth primcrs wcrc sclcctcd in ORF2 
regions showing lcss than JI and J6% nt sequence idcntitics bctwccn PCV-1 and 
PCV-2 strains. Amplification was carricd out in a 100·1!1 reaction mixture con­
taining 2.5 111 of PK-15 DNA suspension or purilicd viral DNA, 20 mM Tris-HO, 
50 mM KCI, 1.5 mM MgO, (Gibco-BRL), each dcoxynuclcosidc triphosphate 
(dNTP) at a concentration of2UO p.M, 50 pmol of cach primer, and 2.5 U of Taq 
DNA polymemsc (Gibco-BRL). Arnpli.lication with a DNA Enginc thcrmocycler 
(modcl PT-lOO with hot bonnet; MJ Research) consistcd of 5 cycles at94"C for 
1 min, 42"C for 1 min, and n•c for 1.50 min, followcd by JO cycles at 94"C for 
1 min, 50"C for 1 min, and n•c for 1.50 min. The PCR was endcd with a final 
elongation step of 10 min at 72"C. Amplicons wcrc dctccted by clcctrophorcsing 
10-J.LI aliquots through 2% agarosc gels (Boehringer Mannheim) in TAE (0.04 M 
Tris-acetate (pH 8.5(, 0.002 M EDT A) in the presence of cthidium bromide for 
approximately JO min at 10 V/cm and photographing the gels under UV illumi­
nation. 

mPCR. Two mPCR mcthods wcre set up in order to permit detection and 
dilferentiation of both genotypes of PCV. llte primer pairs uscd in the mPCR 
mcthods, their gcnomic position, the tcmplates amplificd (ORFI or ORF2), and 
the sizcs of the cxpcctcd amplified products arc dcpictcd in Table 3. ln cach 
mPCR mcthod, Iwo primer pairs wcre used in ordcr to permit simultancous 
amplification of DNA fragments of the ORFI and ORF2 genes of the PCV 
genome. For the first mPCR mcthod, 2.5 111 of DNA samplc was addcd to 97.5 
p.l of a reaction mixture containing 20 mM Tris-HCI (pH 8.5), 2 mM MgCI2, 50 
mM KCI, each dNTP at a concentration of 400 ,..M, and 2.5 U of Taq polymer­
ase. The amplification reaction consisted of J5 cycles of 94"C for 1 min, 53"C for 
1 min. and 65"C for J min. lltc PCR was cndcd with a final elongation step of 
JO min at n•c. For the second mPCR method, the reaction mhturc wa.• similar 
to thal for the .lirst one exccpt thal only JOO J.LM cach dNTP and 1.5 U of Taq 
polymcrase wcrc addcd. The amplification program was, instcad, JJ L-ycles at 
94"C for 1 min, 5J"C for 1 min, and 65"C for 5 min. 

Sequence analysls. Puri.licd DNA amplicons of two randomly choscn Ouebcc 
field strains of PCV-2 were cloned into the TA cloning plasmid pCR 2. 1 (ln­
vitrogeu Corporation. San Diego, Calif.) as describcd previously (9). 8oth 
strands of lhree full-length clones derived from indepcndcnt PCRs were se-
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