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Porcine Reproductive and Respiratory Syndrome Virus:
Morphological, Biochemical and Serological Characteristics
of Quebec Isolates Associated with Acute and Chronic
Outbreaks of Porcine Reproductive and Respiratory Syndrome

H. Mardassi, R. Athanassious, S. Mounir and S. Dea

ABSTRACT

Cytolytic and noncytolytic strains
of the porcine reproductive and res-
piratory syndrome virus (PRRSYVY)
were isolated in primary cultores of
porcine alveolar macrophages
(PAM) from lung homogenates of
stillborn fetuses or blood samples of
dyspneic piglets collected from
Quebec pig farms hadving experi-
enced acute or chronic outbreaks of
PRRS. Serologica! identification of
the virus was confirmed by indirect
immunofluorescence and indirect
protein A-gold immunoelectron
microscopy using reference anti-
serum prepared from experimen-
tally-infected specific pathogen free
(SPF) piglets and monoclonal anti-
bodies (MoAbs) directed against
the p15 nucleocapsid (N) protein of
the reference ATCC-VR2332 iso-
late. Intracytoplasmic enveloped
viral particles that tended to accu-
mulate into cytoplasmic vesicles
were observed in the infected PAM;
no budding was demonstrated at
the level of the cytoplasmic mem-
brane. The extracellular virions
appeared as pleomorphic but
mostly spherical enveloped parti-
cles, 50-72 nm in diameter (aver-
aged diameter of 50 particles was
58.3 pm), with an isometric core
about 25-30 nm. Buoyant density of
the virus in CsCL density gradients
was estimated to 1.18-1.20 g/mlL.
No hemagglutinating activity was

demonstrated. Analysis of semi-
purified virions of isolate IAF-
exp9%1 by radicimmunoprecipitation
(RIPA) and Western immunoblot-
ting experiments, using reference
rabbit and porcine hyperimmune
sera, revealed four major viral pro-
teins, a predominant 15 kD N pro-
tein and three other proteins with
predicted Mr of 19, 26 and 42 kD.
Progeny viral particles produced in
PRRSV-infected PAM in the pres-
ence of tunicamycin lacked the
42 kD protein, thus confirming its
N-glycosylated nature. Immuno-
precipitation experiments using the
anti-ATCC-VR2332 MoAbs con-
firmed the close antigenic relation.
ships between Quebec and American
reference isolates of PRRSV,

RESUME

Des souches cytolytiques et non-
cytolytiques du virus responsable
du syndrome reproducteur et respi-
ratoire porcin (PRRSY) ont été
propagées sur cultures de macreo-
phages alvéolaires de porc (PAM) 2
partir d’homogénats de poumons de
feetus mort-nés ou des sérums de
porcelets dyspnéiques, provenant
de fermes du Québec ayant expéri-
menté des épisodes aigués ou
chroniques du syndrome. L’identi-
fication de ce virus fut confirmée
par immunofluorescence indirecte
et par immuno-microscopie élec-

tronique aprés marquage & la pro-
téine A-or colloidal utilisant un
antisérum de référence obtenu suite
4 Pinfection expérimentale de
porcelets assainis et trois anticorps
monoclonaux (AcMo) dirigés contre
la protéine de la nucléocapside (N)
de DVisolat de référence ATCC-
VR2332. Des particules virales
enveloppées ayant tendance 2
s’accumuler dans la lumiére des
vésicules cytoplasmiques ont été
observées dans les cellules PAM
infectées; aucun bourgeonnement
n’a pu étre démontré an niveau de
la membrane cytoplasmique, Les
particules virales extracellulaires
étaient pléomorphes, mais plutét
sphériques, d’un diamétre variant
de S0 & 70 nm (le diamétre moyen
de 50 particules étant de 58,3 nm) et
possédant une nucléocapside icosa-
hédrique d’environ 25-30 nm. La
densité de flottaison des particules
virales purifiées sur gradients de
densité de CsCl fut estimée 2
1,18-1,20 g/mL. Aucune activité
hémagglutinante ne fut démontrée.
L’analyse du contenu proiéique
des virions de Visolat de référence
TAF-exp91 suite & des expériences
d’immunoprécipitation (RIPA) et
d’immunobuvardage, utilisant des
antisérums de référence de lapin et
de porc, a permis de révéler la
présence de 4 protéines majeures,
soit une protéine prédominante de
15 kD correspondant a la protéine
N et trois autres protéines dont les
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Identification of major differences in the nucleocapsid protein genes of a
Québec strain and European strains of porcine reproductive and

respiratory syndrome virus

Helmi Mardassi, Samir Mounir and Serge Dea*

Centre de recherche en virologie, Institut Armand-Frappier, 531 Boulevard des Prairies, Université du Québec, Laval,

Québec, Canada HIN 4Z3

The sequence of the 3'-terminal region of the genome of
Québec reference strain IAF-exp91 of porcine repro-
ductive and respiratory syndrome virus (PRRSV) was
investigated by analysis of four cDNA clones. The 3'-
terminal 530 nucleotides (nt) encompassed a large open
reading frame with a coding capacity of 123 amino acids
(M, 13649). The predicted protein was extremely basic
and hence was considered to correspond to the
nucleocapsid (N) protein gene. When compared to the
homologous sequences of two reference Netherlands
strains (Lelystad and isolate 10) of PRRSV, the IAF-
exp91 N protein was found to be five amino acids
shorter and displayed a high degree of divergence.
Overall, IAF-exp91 strain showed identities of 63 % and
59% with both reference European strains at the
nucleotide and amino acid level, respectively. Two

amino acid stretches, STAPM and SQGAS, present
respectively at the N- and C-terminal regions of the N
protein of European strains, were missing in the IAF-
exp91 N protein sequence. The 3’-terminal non-coding
region (151 nt) of the IAF-exp91 strain was 22 nt longer
than that of the European strains. The aligned nucleotide
sequence of this non-coding region exhibited an overall
identity of 59% with that of the European strains. The
Québec reference strain of PRRSV appeared to be
related more closely to equine arteritis virus and lactate
dehydrogenase-elevating virus than are the two Euro-
pean strains of the virus. Preliminary data obtained by
reverse transcription-PCR experiments, using specific
or common oligonucleotide primers, suggested that this
approach could be uvseful for distinguishing between
PRRSYV strains from different geographic origins.

Porcine reproductive and respiratory syndrome (PRRS)
was first described in the United States (Polson er al.,
1990) and Canada (Bilodeau et al., 1991) in 1986 to 1987.
The disease was initially characterized by severe re-
productive failure in sows of any parities (late-term
abortions, increased numbers of stillborn, mummified
and weakborn pigs, increased preweaning mortality),
and respiratory problems affecting pigs of all ages, but
mainly unweaned piglets. In 1990, a similar disease was
observed in Germany (Lindhaus & Lindhaus, 1991) and
rapidly swept through Western European countries in
1991 (Baron er al., 1992; Wensvoort et al., 19925).
The aetiological agent of the syndrome (PPRSV) has
been definitively identified as a small spherical enveloped
virus, 50 to 65 nm in diameter, with a central isometric
nucleocapsid of approximately 25 to 30 nm (Benfield
et al., 1992: Wensvoort er al., 1992b). The viral genome is
a positive-stranded polyadenylated RNA of about 15 kb,

The nucleotide sequence data reported here will appear in the EMBL
and GenBank nucleonde sequence databases under accession number
U02095 (N-PRRS-TA).
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which generates in infected cells a 3’-coterminal nested
set of six subgenomic mRNAs (Meulenberg er ai., 1993;
Conzelmann er al., 1993). The genomic RNA contains at
least eight open reading frames (ORFs) organized
similarly to those of equine arteritis virus (EAV) and
lactate dehydrogenase-elevating virus (LDV) genomic
RNAs. The latter two viruses have been proposed as
members of the genus Arterivirus, family Togaviridae
{Plagemann & Moennig, 1992; Conzelmann er al., 1993).
European isolates of PRRSV appear to belong 1o the
same serotype, whereas antigenic variability has been
demonstrated among American isolates. and between
American and European isolates (Wensvoort e¢r al.,
1992a). Here we report the sequence analysis of the 3'-
terminal 530 nucleotides (nt) of the reference Québec
strain JAF-exp91 of PRRSV (Dea er al.. 1992).
IAF-exp%! was propagated in primary cultures of
porcine alveolar macrophages (PAM) prepared as de-
scribed by Wensvoort er al. (1991). After complete
degeneration of the monolayers. supernatant fluids were
clarified by centrifugation at 5000 g for 20 min. followed
by ultracentrifugation through a cushion of 30 % sucrose
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Molecular analysis of the ORFs 3 to 7 of porcine reproductive
and respiratory syndrome virus, Québec reference strain*
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Summary. The cDNA sequence of the 3'-terminal genomic region of the Québec
TAF-exp91 strain of porcine reproductive and respiratory syndrome virus (PRRSV)
was determined and compared to those of other reference strains from Europe
(Lelystad virus) and US (ATCC VR2385, MN-1b). The sequence (2834 nucleotides)
which encompassed ORFs 3 to 7 revealed extensive genomic variations between the
Québec strain and Lelystad virus (LV), resulting from high number of base
substitutions, additions and deletions. The ORFs 5, 3, and 7 seemed to be relatively
the most variable; the predicted encoding products of the Québec and LV strains
displayed only 52%, 54%, and 59% amino acid identities, respectively. Nevertheless,
in vitro translation experiments of the structural genes (ORFs 5, 6, and 7) and radio-
immunoprecipitation assays with extracellular virions gave results similar to those
previously reported for LV. In contrast, close genomic relationships were demon-
strated between Québec and US strains. Taking together, these results indicate that,
although structurally similar, North American PRRSYV strains belong to a genotype
distinct from that of the LV, thus supporting previous findings that allowed to
divide PRRSV isolates into two antigenic subgroups (U.S. and European).

Intreduction

Porcine reproductive and respiratory syndrome virus (PRRSV) is a small enveloped
RNA virus which has been found to be the causative agent of a new pig disease that
occurs in North America and Europe [1, 5, 7, 34). The disease is characterized by
severe reproductive failure in sows and respiratory problems affecting pigs of all
ages [12). The European prototype strain of PRRSV, known as the Lelystad virus
(LV), shows close similarities with the Arferiviruses from morphological,

* The nucleotide sequence data reported in this paper will appear in the EMBL and GenBank
nucleotide sequence databases under accession number L40898.
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Detection of Porcine Reproductive and Respiratory Syndrome

Virus and Efficient Differentiation between Canadian
and European Strains by Reverse Transcription
and PCR Amplification

HELMI MARDASSI, LOUISE WILSON, SAMIR MOUNIR, ano SERGE DEA*
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Twao sets of oligonucleotide primers (1008PS-1009PR and 1010PLS-1011PLR) were designed according to the
sequence of the nucleocapsid protein (N) gene of Quebec reference strain IAF-exp91 of porcine reproductive
and respiratory syndrome virus (PRRSY). The primers were used in reverse transcription and PCR (RT-PCR)
experiments for detection of viral genomic RNA either from infected porcine alveolar macrophages (PAM) or
tissues from experimentally infecled specific-pathogen-free pigs. Considering the high degree of variation
detected between the nucleotide sequences of the N genes of LAF-exp91 and Lelystad virus (LV) strains of
PRRSY, the primers 1008PS-1009PR were referred to as the specific primers, since they were chosen in such
a manner that they could amplify only sequences from LAF-exp91 RNA and not from LV. On the other hand,
the primer pair 1010PLS-1011PLR was common (o both strains of PRRSY. When analyzed by agarose gel
electrophoresis, the products of RT-PCR from each set of primers were resolved as single band of the predicted
size, the specificity of amplified products being confirmed by Southern blotting with a specific LAF-exp31 N
gene probe. No amplification was observed when RNA was extracted from uninfected PAM or from other
porcine viruses. As expected, only the common primer pair was able to amplify RNA from the Quebec reference
strain and two European strains (LV and Weybridge). The resulting bands displayed differences in
electrophoretic mobilities due to the absence of 37 nucleotides in both European strains, thus allowing their
differentiation from the IAF-exp91 strain, Most of the tissue culture-adapted Quebec isolates were defected
with both primer pairs. The sensitivity of the enzymatic amplification method for detection of PRRSV from
Jung tissues was a 50% tissue culture infective dose of 5. RT-PCR was found to be more sensitive than indirect
immunofluorescence assay for detection of PRRSYV in tissues from experimentally infected pigs and as sensitive
as virus isolation in PAM, especially when combined with Southern blotling with the digoxigenin-labeled N

probe and chemiluminescence detection.

-«

Since 1986-1987, many swine herds throughout the world
have experienced important outbreaks of a disease character-
ized by severe reproductive failure in sows of any parity and
respiratory problems affecting pigs of all ages (5, 19, 35). The
disease, named porcine reproductive and respiratory syndrome
(PRRS), is caused by a fastidious agent, the Lelystad virus
(LV), which can be propagated on primary cultures of porcine
alveolar macrophages (PAM) (34). The LV is a spherical,
enveloped virus, 48 1o 83 nm in diameter, with a central
isometric nucleocapsid approximately 25 10 30 nm in diameter
(4, 33). In all countrics where the disease has heen described,
viruses with similar morphological characteristics were isolated
(2. 4, 12, 26, 28). While European isolates of PRRS virus
(PRRSV) appear 1o belong to the same serotype, antigenic
variability has been demonstrated among North American
isolates, and between North American and Europcan isolates
{32). Molecular studies have shown that the viral genome
consists of a single-stranded RNA molecule with positive
polarity, approximately 15 kb long, which generates in infected
cclls a 3'-coterminal nested set of six major subgenomic
mRNAs (10. 24). The genomic organization and replication
strategy of this new porcine virus appear similar to those of the
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Virologie, Institut Armand-Frappier. 531 Boulevard des Prairies.
Laval. Québee. Canada HIN 4Z3. Phone: (514) 686-5303. Fax: (514)
686-5627.

2197

arteriviruses, including equine arteritis virus, lactate dehydro-
genasc-elevating virus, and simian hemorrhagic fever virus
(27). Recently, partial nucleotide sequence analysis of the
3’-terminal region of the genome of a Quebec reference strain
(IAF-exp91) of PRRSY revealed major differences from nu-
cleocapsid protein genes of prototype European strains (23).
Indeed, the IAF-exp91 strain showed identities of 63 and 59%
with that of LV al the nucleotide and amino acid levels,
respectively.

The approaches currently used for deiection of the virus are
essentially based on virus isolation in PAM or in the estab-
lished cell lines, CL 2621 or MARC-145, derived from the
MA-104 morkey kidney cell line (3, 20, 34). Final identification
of the virus is scrologically confirmed by indirect immunoper-
oxidase (34) or immunofluorescence (3) tests using specific
antisera. Both techniques are the most widely used in the
serological diagnosis of PRRSV, and their degrees of effec-
tiveness have been previously studied (3, 33, 36). While virus
isolation provides unequivocal evidence of PRRSV infection.
the procedure is heavily complicated by the continuous prep-
aration of PAM which is time-consuming and laborious. Thus,
a sensitive method that does not rely on cell culture techniques
should be of great interest for diagnosis of PRRSV infection.

The purpose of the present study was 1o evaluate the efficacy
of reverse transcription and amplification of viral nucleic acid
sequences by PCR (RT-PCR) for detection of PRRSV from
infected PAM cultures or lung homogenates from aboricd



VIROLOGY 221, 98-112 {1996)
ARTICLE NO. 0356
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Porcine Reproductive and Respiratory Syndrome Virus (PRRSV), a8 smalt enveloped virus containing a positive-strand RNA
genome, possesses at least three major structural proteins designated N, M, and E. The N protein is considered as the
major component of the nucleocapsid, whereas M and E are membrane-associated. Previous studies using peptide-specific
antibodies assigned these proteins to ORFs 7, 6, and 5, respectively. In the present report, monospecific antisera raised
against Escherichia coli-expressed ORFs 5, 6, and 7 products were used to study the synthesis and processing of PRRSV
structural proteins in the highly permissive MARC-145 cell line. Treatment of viral proteins with various glycosidases showed
that only E was modified by N-linked glycans. Pulse-chase experiments revealed that intraceliular transport of the major
envelope glycoprotein was delayed in the premedial Golgi compartment During the first 30 min of chase, E undergoes a
gradual downward shift of its apparent molecular weight, thought to result from trimming of the mannose-rich glycan
structures. Once E is transported to the medial Golgi or proximal elements, some molecules undergo complete processing
of all their high-mannose N-linked oligosaccharides to complex type, white in other molecules only a fraction of N-linked
glycans are terminally glycosylated. These two differentially glycosylated forms of E were found to be incorporated into
extracellular virions. In cefls and virions, both M and E were shown to occur in heterodimeric complexes linked by disulfide
bonds. The coligomerization process, as analyzed from pulse-chase experiments, showed that M and E are incorporated
into M-E complexes with different kinetics and efficiencies, in a fashion similar to their counterparis in equine arteritis virus.
Apparently, all steps of E protein N-glycans processing proceed after its association with M which occurs in the endoplasmic
reticulum (ER). In the infected cells, E and M appear highly membrane-associated, while N is predominantly cylosolic.

€ 1996 Academic Press, Inc.

INTRODUCTION

Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) is the causative agent of a new disease in swine
that results in considerable economic losses due to severe
reproductive failure in sows of any parities and respiratory
signs in unweaned and growing pigs (Benfield et al, 1982;
Collins et al, 1992; Dea et al, 1932; Wensvoort et a/, 1991),
The virus was shown to be morphologically, structurally,
and genomically similar to members of the Anterivirus ge-
nus (Conzelmann et af, 1993; Meulenberg et a/, 1993a and
1993b; Benfield et a/, 1992; Dea et al, 1992, Wensvoort et
al, 1992), which further includes equine arteritis virus (EAV),
lactate dehydrogenase-elevating virus (LDV), and simian
hemorrhagic fever virus (SHFV). The PRRSV genome is a
positive single-strand polyadenylated RNA molecule, ap-
proximately 15 kb in length, containing eight open reading
frames (ORFs) which are expressed as a nested set of
subgenomic RNAs {Conzelmann et af, 1993; Meulenberg
et al, 1993a). ORF1a and ORFib (at the 5 end) contain
several motifs characteristic of proteins involved in the repli-
cation process, whereas ORFs 2 to 6 (from 5’ to 3’ end)
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are predicted to encode for membrane-associated proteins,
and ORF 7 for a highly basic protein. The virion contains
three major structural proteins: a nucleocapsid protein of
15 kDa (N), an unglycosytated membrane protein of 18-19
kDa {M), and a glycosylated membrane protein of approxi-
mately 25 kDa (E), which are encoded by ORFs 7, 6, and
5, respectively (Mardassi et al, 1995, Meulenberg et a/,
1995; Nelson et a/, 1993). In the case of EAV, four structural
proteins (N, M, G, and Gs) have been identified and shown
to be encoded by ORFs 7, 6, 5, and 2, respectively (De
Vries ef a/, 1992). The N, M, and G, of EAV correspond
to the products of PRRSV ORFs 5, 6, and 7, respectively
{Mardassi et a/, 1995; Meulenberg et al, 1995). The protein
profile displayed by LDV is similar 1o that of EAV. However,
as for PRRSV, the counterpart of the Gs protein has not yet
been identified in purified virus preparations (Faaberg and
Plagemann, 1995). Four major structural proteins have been
reported for SHFV, and with the exception of the p15 and
p20 species, which have been shown 1o be encoded by
ORFs 7 and 6, respectively, the gene assignment for the
other proteins is still unknown (Godeny et al, 1995),
Recently, the synthesis and processing of EAV struc-
tural proteins have been investigated. Ge!l electrophore-
sis under nonreducing conditions revealed that Gg oc-
curs in the infected cells in three distinct monomers and





