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ABSTRACT

A herd of Quebec seedstock pigs
experienced in early 1992 a typical
outbreak of porcine reproductive
and respiratory syndrome (PRRS)
associated with lesions of interstitial,
proliferative and necrotizing pneu-
monia in weaned piglets. The nature
of the infection was confirmed by
serology using indirect immunofluo-
rescence (IIF) and virus isolation in
primary cultures of porcine alveolar
macrophages (PAM). Farm produc-
tion recovered after eight weeks of
losses. In order to evaluate the per-
sistence of infection in the herd, five
SPF-piglets were introduced in two
different sections of the PRRS-
affected barn four months after the
disappearance of clinical symptoms,
and two others were placed in a
neighboring building with appar-
ently healthy farrow-to-finish pigs.
Clinical signs, body temperature,
humoral immune response, virologi-
cal and histopathological findings
were recorded over a 42-day period.
Clinical signs were evident in all of
the sentinels and prolonged fever
(240°C) was recorded one day post-
exposure (PE). Antibody titers to
PRRS virus could be detected by IIF
on PAM seven days PE, and reached
1:1024 by day 21 PE. Three of the
sentinels developed significant virus
neutralizing antibody titers ( >1:8 to
<1:128 ) by day 35 PE. In all cases,
the virus could be isolated from the
serum between day 7 and 42 PE.
Thus, the virus and specific antibod-
ies coexisted for several weeks.
Lesions of interstitial pneumonia

was demonstrated in few animals. In
experimental inoculation studies, the
viral strain isolated from the sentinel
pigs produced severe reproductive
disorders in two sows inoculated at
95 days of gestation. This study con-
firms that subclinical PRRS virus
infection persists for a significant
period in different age groups and
locations and may, therefore, be
transmitted by contact to replace-
ment animals or via seedstock sold
to healthy farms.

RESUME

Les adultes d'un elevage selection-
neur du Quebec furent aux prises au
debut de 1992 avec une infection
typique du syndrome reproducteur
et respiratoire porcin (SRRP) asso-
cie 'a des lesions de pneumonie inter-
stitielle, proliferative et necrosante.
Le se'rotypage par immunofluores-
cence indirecte (IIF) et l'isolement
du virus en cultures primaires de
macrophages alveolaires de porc
permirent de confirmer le diagnos-
tic. Apres huit semaines de pertes,
les sympt8mes disparurent. Afin
d'evaluer si le virus persistait tou-
jours dans l'elevage, cinq porcelets
furent introduits dans deux dif-
ferentes sections du batiment affecte
par le SRRP, quatre mois apres la
disparition des symptomes cliniques.
D'autre part, deux porcelets temoins
furent introduits dans un batiment
voisin abritant un elevage apparem-
ment sain de type naisseur-finisseur.
Les symptomes cliniques, la tem-
perature corporelle, la reponse

immunitaire humorale, les suivis
virologiques et pathologiques furent
effectues sur une pe'riode de 42 jours.
De'ja, apres une journee d'exposition,
des porcelets montrerent des signes
cliniques d'infection dont une fievre
prolongee (>40°C). Apres sept jours
d'exposition, des titres en anticorps
anti-virus SRRP etaient decelables
par IIF chez tous les animaux sen-
tinelles; apres 21 jours, les titres pou-
vaient atteindre 1:1024. Trois des
animaux sentinelles avaient des titres
en anticorps neutralisants significa-
tifs contre le virus (>1:8 a <1:128)
apres 35 jours. A partir du jour 10 et
jusqu'a la fin de la pe'riode d'obser-
vation (J42), il fut possible d'isoler le
virus du serum des animaux sen-
tinelles. Ainsi, le virus persista dans
la circulation malgre la presence
simultanee de hauts titres d'anti-
corps pendant plusieurs semaines.
Lors des examens histopatho-
logiques, des lesions de pneumonie
interstitielle ont ete demontrees chez
quelques animaux. Il a ete possible
de reproduire des desordres repro-
ducteurs chez des truies gestantes de
95 jours inoculees par la voie intra-
nasale a l'aide de l'isolat du virus
SRRP cultive a partir d'homogenats
des poumons et serums des animaux
sentinelles. Ces travaux confirment
qu'en depit d'absence de signes
cliniques pour une periode assez
longue, le virus SRRP peut persister
dans l'elevage chez les animaux de
differentes sections de la ferme, et
etre transmis potentiellement par
contact aux animaux de remplace-
ment vendus aux fermes saines.
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INTRODUCTION

In the winter 1991-1992, there was

still confusion about the case defini-
tion of mystery swine disease (MSD)
in Canada despite the distinction
between two new pathological enti-
ties: porcine reproductive and respira-
tory syndrome (PRRS) and prolifera-
tive and necrotizing pneumonia
(PNP). The general description of
these two new diseases overlapped
and caused confusion for veterinarians
and breeders as to which etiological
agent was responsible for different
losses (1-3). Absence of reliable diag-
nostic tools left only clinical descrip-
tions and pathological lesions as aids
to identify the infectious agents and
determine control strategies.

Since the initial report on the isola-
tion of a new swine Arterivirus
related to PRRS in Europe (Lelystad
virus) (4-6), confirmation of its
pathogenic potential was made in the
U.S. (7-9) and the province of
Quebec (10). The development of
indirect immunoperoxydase mono-

layer assay (IPMA), indirect immuno-
fluorescence (IIF), and enzyme-linked
immunosorbert assay (ELISA) tests
for the detection of anti-PRRSV anti-
bodies made possible the identifica-
tion of both acutely- or chronically-
infected herds (6,11,12,30). On the
other hand, a new antigenic variant of
swine influenza virus (SIV) type A
was believed to be the causative agent
of PNP in Quebec (13,14). However,
the concomitant infection of many

Quebec swine herds with both
PRRSV and the new antigenic variant
of SIV (1,2), plus the occurrence of
interstitial pneumonia (IP) and PNP in
the same herds, complicated consider-
ably the differential diagnosis (2,15).
For example, secondary bacterial
infections were frequent in PRRS, but
also in PNP, and were attributed to
the impairment of the immune system
of pigs of various ages (16-18). Since
serological investigations showed no

evidence of reduction in the humoral
immune response of naturally- or

experimentally-infected pigs (11,12,
18,19), cell mediated immunity was

logically considered as being poten-
tially affected (20,21).
The objective of this field study

was: 1) to describe the agents
involved in a typical outbreak of

TABLE I. Variations in the clinical parameters during an eight-week observation period fol-
lowing onset of PRRS outbreak

Symptoms Farm A

Fever/anorexia in adults >20 %
Abortion rate 10 %
Stillbirth rate 31 %
Preweaning mortality 35 %
Pneumonia PPN/PI

PNP = Proliferative and necrotizing pneumonia

PI = Interstitial pneumonia

Farm B
<2 %
<1 %
5%

11 %
nil

Clinical criteria used in
Quebec to define
PRRS in 1991 (1)
Moderate to high

>5 %
>15 %

>20 %
positive

Productivity
parameters

No. of litters

Births/litter

% stillbirths

% preweaning
mortality
No. weaned/litter

Weaned/sow/year

(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)

10/90 to 09/91
(Before)
716
633
10.4
9.8
9.3
5.1

15.3
11.2
8.2
8.5

19.1
20.6

PRRS associated with IP-PNP; 2) to
conduct a cohort study on sentinel
pigs introduced in the farm several
weeks after the end of noticeable clin-
ical signs and production losses; 3) to
follow the humoral immune response

of the exposed piglets and finally
4) to confirm experimentally the
pathogenicity of the virus for healthy
pregnant sows and piglets.

MATERIALS AND METHODS

SELECTION OF THE HERDS

The PRRS-affected herd was a con-

ventional farrow-to-finish purebred
operation of 285 sows health-certified
by a government monitoring program
since its repopulation from several
conventional healthy sources in new

all-in all-out facilities in 1987. The
herd was serologically free of pleurop-
neumonia associated to Actinobacillus
pleuropneumoniae type 1 and 5, trans-
missible gastroenteritis virus (TGEV),
and clinically free of swine dysentery
(Serpulina hyodysenteriae), salmonel-
losis, swine influenza and atrophic
rhinitis. Monitoring of the herd pro-
duction since its origin by a computer-

Period (month/year)
10/91 to 03/92

(During)
320
321
10.2
9.8
16
5.9

23.5
11
5.9
8.4

16.7
20.9

04/92 to 03/93
(After PRRS Outbreak)

763
641

9.9
9.6
8.3
7.1

13.3
11.5
7.6
8.3

17.5
20.6

ized production analysis program

(PATPQ) revealed no history of sig-
nificant reduction in farrowing, repro-

ductive or weaning data except a

steady rate of stillbirth losses (8-9%)
considered above the targeted
5% level.
During a period of eight weeks

between late December 1991 and
early February 1992, a sudden out-
break of fever/anorexia in adults,
abortion and premature farrowing,
stillborn or autolyzed fetuses and
preweaning mortality swept through
the barn and progressively subsided
after a diagnosis of reproductive
impairment, associated with par-
vovirus (PPV) and Streptococcus suis,
was given by the diagnostic labora-
tory. Diagnosis of PPV infection was

based on direct fluorescent antibody
(FA) on frozen tissue sections from
stillborn piglets (22). The syndrome
also included dyspnea in suckling
piglets associated with lesions of dif-
fuse interstitial pneumonia. Neverthe-
less, the clinical definition of PRRS in
Quebec at that time made this case

appear suspicious (Table I). Later, a

feverish piglet was submitted for
necropsy and histopathological diag-
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nosis of PNP was made without viro-
logical confirmation of the presence
of swine influenza virus (13). Table II
summarizes the productivity during a
30 month period in barn A where the
syndrome appeared and barn B, a
neighboring farrow-to-finish F-I
building situated 50 meters from
barn A; movement of animals was
from A to B, regularly.

SELECTION OF SENTINEL PIGS

Seven pigs of SPF origin were
selected from a farm free of atrophic
rhinitis, Mycoplasma hyopneumoniae,
TGEV, SIV, encephalomyocarditis
virus (EMCV), S. hyodysenteriae, sar-
coptic mange, salmonellosis, A. pleu-
ropneumoniae and PRRSV. Three
animals were four weeks of age and
two were seven weeks of age. All the
sentinels were clinically healthy
before they were moved to the case
farm and separated in one nursery
room and one grower-finish section,
respectively. Two similar piglets were
introduced in the clinically-healthy
neighboring barn B. The SPF pigs
were injected with long acting peni-
cillin on day 0 and 2, fed a commer-
cial diet medicated with therapeutic
levels of tiamulin (75 ppm) and
oxytetracyline (330 ppm), and were
housed in a pen with no direct contact
with neighboring pigs. The rectal tem-
perature was monitored daily for 21
days postexposure, and other clinical
signs were followed for three more
weeks.

LABORATORY INVESTIGATIONS

The monitoring period of sentinel
pigs lasted 42 days during which the
animals were bled weekly for serolog-
ical investigations. The presence of
antibodies to TGEV and EMCV was
determined by virus neutralization
(VN) (23), and antibodies to the
Quebec antigenic variant of swine
influenza A virus IAF-5393 were
detected by hemagglutination inhibi-
tion (HAI) tests (13). A blocking
enzyme-linked immunosorbent assay
(ELISA) was used for the detection of
antibodies against porcine respiratory
coronavirus (PRCV) (24). Indirect
immunofluorescence (IIF) tests for
the detection of anti-PRRSV antibod-
ies were conducted as described,
using PAM cells infected with the ref-
erence Quebec isolate IAF-exp9I of

PRRSV (10). A clone of MA-104 cell
line (MARC-145), supporting replica-
tion of PRRSV, was kindly provided
by Dr. J. Kwang (U.S. Meat Animal
Research Center, Clay Center,
Nebraska) and used for determination
of neutralizing antibodies to PRRSV
(25). The antibody titers in the VN and
HAI tests were expressed as the recip-
rocal of the highest serum dilution that
inhibited 400 TCID50 or four HA units
of virus. Negative and positive refer-
ence sera were included in each test.
Necropsy was performed on a

feverish and dyspneic sentinel pig
(#11) ten days after its introduction in
the farm, while the six remaining pigs
were necropsied on day 42. Tissues
were fixed in 10% buffered formalin,
and paraffin sections were stained
with hematoxylin and eosin. Lung,
heart, bronchial lymph node and liver
tissues were examined for the pres-
ence of microscopic lesions. Frozen
sections of these tissues were submit-
ted to IIF staining for viral antigens;
rabbit hyperimmune sera to Myco-
plasma hyopneumoniae, SIV, TGE,
PPV and PRRSV were used as pri-
mary antiserum in the IIF tests.
To attempt virus isolation, ten per-

cent tissue homogenates were pre-
pared in Eagle's minimal essential
medium with Earle's salts, glutamine,
and antibiotics, and clarified by cen-
trifugation at 5,000 X g for 20 min.
Aliquots (0.5 mL) of clarified super-
natant fluids, as well as heat-inacti-
vated serum collected weekly from
sentinel pigs, were inoculated into the
allantoic cavity of 11-day-old embry-
onated hens' eggs and onto confluent
monolayers. Continuous monkey kid-
ney (Vero), dog kidney (MDCK),
porcine fallopian tube (PFT) and
porcine testicular cells (PT) were
used. The cell cultures were propa-
gated as described (26,27). Primary
cultures of porcine alveolar macro-
phages (PAM) were prepared accord-
ing to the procedure described by
Wensvoort et al (6). After an absorp-
tion period of one hour at room tem-
perature, the infected cell monolayers
were rinsed twice with PBS and rein-
cubated at 37°C in culture medium
without fetal bovine serum. Cultures
were monitored daily for the appear-
ance of cytopathic effects (CPE).
Subpassages were done at five to six
day intervals, depending on the extent

of CPE. For virus identification, the
cells were fixed at 24-36 h PI, with
80% acetone in PBS, and stained by
IIF using anti-IAF exp9l rabbit
hyperimmune serum, or monoclonal
antibody SDOW17 (kindly provided
by Dr. Benfield of South Dakota State
University) directed against the nucle-
ocapsid protein of ATCC VR-2332
strain of PRRSV, and fluorescein-
conjugated antirabbit or antimouse
IgG (10).

EXPERIMENTAL INOCULATION OF
GESTATING SOWS

Three SPF sows, originating from a
PRRS seronegative herd, were intro-
duced at 85 days of gestation in iso-
lated experimental quarters. One sow
was kept as a control animal and two
others were inoculated intranasally at
95 days of gestation with clarified
supernatant fluid (5 mL per nostril;
infectivity titers 105 TCID50/mL) of
PAM cells that had been inoculated
with serum from exposed sentinels
pigs. Complete destruction of the
monolayers was usually seen within
72 to 96 hours postinfection. The
sows were monitored for body tem-
perature, appetite and clinical signs as
well as outcome of farrowing. Blood
samples were collected at entry, at
farrowing day (PID 21) and at post-
mortem (PID 42). Tissues of the
fetuses, live born or nursing piglets
aged seven days or less and sows were
analyzed for histopathological and
virological purposes.

RESULTS

CONFIRMATION OF A DIAGNOSIS OF
PRRSV INFECTION

Consulting veterinarians, as well as
those involved in the government
health monitoring program, feared
that PRRS or PNP was responsible for
the reproductive and respiratory prob-
lems that had occurred in the farm.
Before approving sale of seedstock to
clients, they needed confirmation as to
which etiological agent was involved
and if convalescent pigs represented a
potential source of contamination for
naive animals.

Preliminary analysis of tissues and
sera from aborted fetuses and weak
piglets allowed the isolation of a
cytopathic strain of PRRSV on PAM;
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Fig. 1. Changes in body temperature over time in five sentinel SPF pigs exposed to the
PRRSV-infected herd. The animals developed fever 24 h after their introduction into the
herd. Body temperature rose over 40°C in all pigs, but pigs # 11, 22 and 33 introduced into
the nursery section were affected for a longer time.

the virus was identified by IIF tests
using anti-PRRSV MAb SDOW17.
Attempts to isolate other porcine
viruses in Vero cells and continuous
pig cell cultures were unsuccessful.
Fluorescent antibody examination of
fetal tissues and lungs of sick
unweaned piglets for EMCV, SIV and
TGEV was negative, whereas PPV
could be detected in frozen tissue sec-
tions from a stillborn pig that had
been submitted for necropsy. Sero-
logical analysis of paired sera from
aborted sows and dyspneic piglets
showed seroconversion to PRRSV
(IIF titers >1:16), but neither signifi-
cant antibody titers nor seroconver-
sion were demonstrated to SIV and
other porcine viruses tested.

RETROSPECTIVE AND PROSPECTIVE
SEROLOGY

Sera collected nine months (fall
1991) before the onset of clinical dis-
ease and nine months after disappear-

ance of clinical signs (fall 1992) were
analyzed to assess the status of barn A
(PRRS-affected) and barn B (clini-
cally healthy). During this 18 month
period, neither barn had growing-
finishing pigs with acute respiratory
signs. Furthermore, the onset of clini-
cal signs in breeding females was not
accompanied by a change in the sero-
logical status to the viruses, including
PRRSV, of animals in the finishing
sections. Serological investigations
conducted at the onset of clinical
signs showed that 100% of sows
tested (10/10) from barn A, and
62.5% of those tested (5/8) from barn
B, were seronegative to PRRSV. No
significant antibody titers to SIV,
TGEV and PPV were demonstrated
before and after the PRRS outbreak in
sows of both barns, but most were
seropositive to PRCV by the blocking
ELISA test (data not shown). Retro-
spective serological investigations
revealed that nine months before the

onset of reproductive problems in
sows, growing pigs were already sero-
positive to PRRSV with IIF antibody
titers varying from 1:16 to 1:256
(according to Dr. W.R. Freeze, Oxford
Laboratories, Wortington, Minnesota).
Nine months following the episode of
reproductive problems, antibody titers
to PRRSV in the growing section were
still high (antibody titers >64).

CLINICAL SIGNS IN SENTINEL PIGS
INTRODUCED IN THE PRRS-AFFECTED
BARN

The five sentinel pigs, introduced
in two different sections of the PRRS-
affected barn A, had normal appetite
and body condition. However, body
temperature exceeded 40°C in all
pigs, and the pigs in the nursery sec-
tion were affected for a longer period.
As illustrated in Fig. 1, sentinel pig-
lets developed fever 24 h after their
introduction, which persisted from
day 9 to day 21 PE. Respiratory signs
were noticed in all sentinel pigs;
labored breathing lasted for a short
period and seemed most severe in
nursery pigs from day 7 to day 14 PE,
whereas in growers, it was most evi-
dent from day 7 to day 10 PE. No
other significant clinical sign was
noticed.
The two sentinels placed in the

neighboring barn B (clinically
healthy) experienced the same infec-
tion with similar results, as well as
Mycoplasma hyopneumoniae and
Actinobacillus pleuropneumoniae
type 3 chronic infections.

MACROSCOPIC AND HISTOLOGICAL
LESIONS IN SENTINAL PIGS IN THE
PRRS-AFFECTED BARN

On day 10 PE, one nursery piglet
(#11) was submitted for necropsy
with signs of dyspnea and fever that
lasted at least three days. Neither
macroscopic nor histological lesions
were noticed with the exception of a
mild chronic rhinitis.
On day 42 PE, the four remaining

sentinel pigs introduced in barn A
were euthanized. Gross lesions were
confined to the respiratory tract. The
lungs were tan and partly collapsed
with occasional small anteroventral
areas of congestion and consolidation.
The mediastinal lymph nodes were
enlarged and edematous. There was
also a moderate atrophy of the ventral
nasal turbinates. Microscopically, all
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sentinel pigs displayed a light to mod-
erate multifocal interstitial pneumonia
characterized by mononuclear cells
within the alveolar septa, occasional
serocellular exudate in the alveolar
lumen, but no hyperplasia of type II
pneumocytes (Fig. 2). The presence of
a moderate peribronchiolar and peri-
vascular lymphoplasmocytic cell
infiltration was also noted, as well as,
hyperplasia of the lymphoid follicles
in the spleen.

VIROLOGICAL AND SEROLOGICAL
INVESTIGATIONS

A cytopathic virus was isolated in
primary cultures of PAM from sera
collected from all of the sentinel
piglets between day 7 and day 42 PE
as well as from lung homogenates of
piglets that were euthanized at the end
of the observation period. Identifi-
cation of PRRSV was confirmed by
IIF using MoAb directed against the
nucleocapsid protein of the reference
ATCC VR2332 strain. An intense
cytoplasmic fluorescence was also
observed following incubation of
infected PAM with hyperimmune rab-
bit serum directed to the reference
Quebec IAF-exp9l isolate (10). No
other virus could be isolated from the
clinical specimens in other cell lines
or embryonated hen's eggs. No virus
was seen in clarified supernatant flu-
ids or clarified allantoic fluids by neg-
ative stain electron microscopy or
hemagglutination-inhibition.

Serologically, none of the five sen-
tinel pigs introduced in barn A devel-
oped significant antibodies directed
against EMCV, PPV, SIV, and TGEV
during the 42 day observation period.
On the other hand, IIF antibody titers
to PRRSV were first detected at day 7
PE in two nursery pigs and one grow-
ing pig. In both cases, the highest
antibody titers (1:512 to 1:2048) were
determined between day 21 and day
28 PE (Table III). Similarly, the two
sentinel pigs, in barn B got the same
infection with similar serological
results. Comparatively, only three of
the sentinel pigs in barn A developed
significant anti-PRRSV neutralizing
antibodies (SN titers > 1:8 to <
1:128); these antibodies could not be
detected before day 35 PE.

EXPERIMENTAL INOCULATION STUDY

In order to determine if the PRRSV
strain isolated from sentinel pigs was

TABLE III. Antibody titers to PRRSV in sentinel pigs place in a herd with PRRS

Sentinel Days postexposure

animals Barn 0 7 14 21 28 35 42
2 "B" <1:8 1:8 1:256 1:256 1:256 1:256 1:512
3 <1:8 <1:8 1:256 1:256 1:512 1:256 1:512
4 "A" <1:8 1:8 1:128 1:512 1:1024 1:512 1:1024
5 <1:8 1:16 1:128 1:512 1:512 1:1024 1:512

11 <1:8 1:32 -
22 <1:8 1:32 1:512 1:2048 1:1024 1:512 1:1024
33 <1:8 1:8 1:128 1:2048 1:512 1:1024 1:512

Antibody titers to PRRS virus were determined by IIF
Negative or nonsignificant (< 1: 16) Ab titers to EMCV or TGEV by serum neutralization
Negative or nonsignificant (<1:20) Ab titers to SIV by HAI
Declining maternal Ab (< 1:80) titers to PPV were demonstrated by HAI

Fig. 2. Histopathological findings in sentinel pigs 42 days after their introduction in the
PRRS-positive farm. A,B. General aspect of interstitial pneumonitis with alveolar septa thick-
ened by mononuclear cell infiltration, peribronchiolar lymphocytic cell infiltration and vas-
cular cuffing. C. Free macrophages in alveolar lumen but no pycnotic cells and no evidence of
alveolar epithelization. D. Proteinaceous exudate and accumulation of mononuclear cells and
necrotic cell debris within the alveolar lumen. H & E stain.

virulent, pregnant sows were housed in
isolated experimental quarters and ten
days later, they were inoculated
intranasally at 95 days of gestation with
clarified supernatant fluids of infected
PAM cells. The first inoculated sow
showed a transient fever on days 2, 4,
14, 17 and 25. Swelling and reddening
of the vulva, and marked congestion of
nipples could be observed between
days 12 and 20 PI (data not shown).
The sow farrowed on day 115 and
delivered three liveborn, two stillborn
and seven autolyzed piglets. The sec-
ond infected sow had fever on day 3
(39.5°C) and showed no skin discol-
oration. On day 115, she farrowed two
liveborn, one stillborn, one mummy
and seven autolyzed piglets. PRRSV

was isolated from lung homogenates on
both sows euthanized on day 28 and
42 PI, respectively. The virus could
also be isolated in cultures of PAM
from tissues of stillborn and weakborn
fetuses, but not from the mummified or
autolyzed fetuses. Significant antibody
titers to PRRSV were detected in sera
collected from infected sows at day of
farrowing, as well as in the case of live
piglets, but not in stillborn fetuses.
Comparatively, the control sow

remained clinically normal during the
observation period, did not farrow
prematurely, and delivered ten live
pigs on day 1 15 of gestation. The ani-
mal displayed no loss of appetite or
fever, despite a chronic joint illness,
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and showed no seroconversion to
PPV, TGE, EMC, SIV or PRRSV.

DISCUSSION

The objectives of the present study
were to identify the infectious agents
responsible for dramatic reproductive
losses in a Quebec pig farm character-
ized by severe systemic signs in
adults and absence of lesions in the
affected sows, aborted fetuses and
stillborn pigs. Following or during
this period of reproductive failure,
postweaning piglets manifested weak
clinical signs of respiratory distress
associated to lesions, among others,
of PNP and interstitial pneumonia.
Secondly, we needed to determine if
the causal virus was still persisting in
the farm four months after the conclu-
sion of clinical signs and, whether or
not, it could still represent a risk for
replacement animals or seedstock sold
to healthy farms. These objectives
were met by a study on healthy sen-
tinel pigs serving as indicators of the
infection status with better accuracy
than conventional laboratory submis-
sions of native animals or contact
experiments in isolated quarters.
The results demonstrated the prin-

cipal role of PRRSV in the acute
(symptomatic) and chronic (asymp-
tomatic) phases of this syndrome, thus
indicating sub-clinical persistence of
the infection in some individuals by a
fully pathogenic strain of PRRSV.
Monitoring of sentinel pigs as long as
42 days PE showed that the infectious
process was not necessarily accompa-
nied by evidence of a severe clinical
disease. Respiratory discomfort was
not accompanied by anorexia and
dullness which are usually the hall-
mark of a systemic disease. Neverthe-
less, fever was a prominent clinical
manifestation as it was usually severe
and prolonged, and was not related to
secondary invaders.
Microscopic lesions were neither

severe nor specific thus confirming the
necessity for complementary means of
identification. None of the sentinel
pigs developed lesions of PNP, consis-
tent with failure to find this condition
in pigs euthanized six months earlier
when clinical respiratory illness was
present in the farm. Moreover, the
involvement of an atypical type A

influenza virus remaining unconfirmed
by both virological and serological
investigations. The demonstration that
growing pigs were already seropositive
to PRRSV nine months before the
occurrence of reproductive problems
on the farm, substantiate recent histo-
logical findings by other authors that
more virulent strains of PRRSV may
also be responsible for the develop-
ment of PNP-like lesions (28). Indeed,
hyperplasia of pneumocytes type II, as
well as the presence of necrotic
inflammatory cells and aggregates of
proteinaceous membranes in the alve-
olar lumen and septae are microscopic
features of PNP that have also been
observed in lung sections of pigs
experimentally- or naturally-infected
with distinct PRRSV isolates (8,28,
29). Microscopic lesions of prolifera-
tive interstitial pneumonia character-
ized mainly by type II pneumocytic
proliferation, syncytial cell formation
and lesions of myocarditis have also
been described in experimentally-
inoculated piglets that showed sero-
conversion to PRRSV (28,29). Varia-
tions in the pathogenicity of various
isolates of PRRSV have been sug-
gested to explain the severity of the
lesions described by different authors,
as well as the capability of the virus to
establish persistent infection (12,19,
30-32). Using the immunogold silver
staining (IGSS) method, a recent ret-
rospective study of 38 spontaneous
cases of PNP in Quebec pig farms
tended to correlate frequent associa-
tion between PRRSV and PNP in
73.7% of cases diagnosed by histo-
pathology whereas only 2.6% of the
PNP-affected lungs reacted positively
with SIV (33). It appears that differ-
entiation between these viral infec-
tions on the basis of histopathological
findings alone is more difficult than it
was initially reported (2,3,34). The
development of reliable, specific and
sensitive diagnostic tools should bet-
ter clarify the relationship between
these two new respiratory infections
in pigs.
The infection of sentinel pigs by

PRRSV was accompanied by a pro-
longed viraemia despite the presence
of high levels of circulating antibod-
ies. Furthermore, experimental inocu-
lation studies of pregnant sows with a
PRRSV strain isolated four months
after the disappearance of significant

clinical signs in the farm, confirmed
that the persistent strain was still
highly virulent. Thus, it appears that
the virus can persist in some pigs, in
different locations, despite high levels
of antibodies.

It has been reported that anti-
PRRSV antibodies detected by immu-
nohistochemical techniques, such as
indirect immunofluorescence and
immunoperoxydase, have a limited
in vitro virus neutralizing activity
(7,30,35). Accordingly, only three of
the sentinel pigs placed in barn A
developed anti-PRRSV neutralizing
antibodies, significant antibody titers
were detected only after 35 days PE.
The protective role of neutralizing
antibodies against PRRSV reinfection
needs to be demonstrated. Meanwhile,
the interpretation of PRRSV serology
and the relationship of serologically
positive animals to clinical disease
must be approached with caution. The
detection of a specific humoral
response to PRRSV should be consid-
ered as an indicator of exposure to the
virus; positive serology does not ver-
ify disease and does not reflect the
protective status of the animals
(11,19,30). Indeed, the two sentinel
pigs which were placed in the neigh-
boring barn B (clinically healthy) also
developed PRRSV infection, indicat-
ing that the virus was circulating in
this barn, despite the absence of a
clinical disease.

Studies are currently in progress in
our laboratory to characterize the
antigenic determinants of the virus.
The development of diagnostic tests
that would distinguish between the
types of anti-PRRSV antibodies in the
serum of infected pigs may predict the
degree of protection and risk of dis-
seminating the virus.
Our study offers no conclusive

explanation for the presence of
PRRSV infection in the farm nine
months before the onset of clinical
signs. This may have different expla-
nations: 1), variations in pathogenic-
ity or tropism of viral strains for the
reproductive and respiratory systems;
2), they may have been repopulated in
1987 with infected pigs with protec-
tive immunity which waned during
gradual replacement of the adult herd;
3), a delay in transmission of infec-
tion between grower-finisher and
adult sections; and 4), triggering fac-
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tors of unknown nature. Furthermore,
it has been recently demonstrated that
piglets from infected sows may carry
the virus for a long period despite the
presence of high levels of maternal
antibodies. Experimentally, infected
animals may excrete the virus up to
17 weeks after the disappearance of
clinical signs, or 15 weeks after sero-
conversion. It has been demonstrated
that healthy carriers may shed the
virus after being submitted to stress or
after immunodepression; such situa-
tions can be observed during the far-
rowing and weaning periods (30).

This study led to a policy of deter-
mining the PRRS serological status of
seedstock producers and their poten-
tial clients before a sale. In conclu-
sion, the results are in agreement with
previous findings that PRRSV may
persist in different age groups and
locations for up to four months,
despite absence of clinical signs on a
farm for a significant period, and may
therefore be transmitted by contact to
replacement animals or via seedstock
sold to uninfected farms.
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