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Summary
Objectives: To determine whether PRRSV-
negative pigs could be produced from mul-
tiple PRRSV-positive herds and to investi-
gate the serological stability of these herds
and the impact of sow vaccination.

Methods: Piglets originating from non-
vaccinated and vaccinated herds were
weaned at 8 to 14 days and housed sepa-
rately in an off-site nursery for 90 days.
Pigs were tested by PRRS IDEXX ELISA
at weaning and at 30, 60, and 90 days of
age. A subset of pigs was tested using PRRS
reverse transcription-polymerase chain re-
action (RT-PCR) and restriction fragment
length polymorphism (RFLP) assays. Sero-

logical stability of breeding herds was as-
sessed by PRRS IDEXX ELISA.

Results: The five vaccinated herds were
serologically stable. Piglets from these herds
became seronegative after weaning and re-
mained PRRSV negative up to 90 days of
age.

Pigs from two of the five non-vaccinated
herds were PRRSV negative. One of these
herds was serologically stable. Piglets from
the other three non-vaccinated herds were
PRRSV positive at weaning, and the num-
ber of seropositive piglets and their S:P
values increased to 90 days of age. Two of
these herds were not serologically stable.
After vaccination of open sows and gilts,

PRRSV-negative pigs were produced from
one of these two herds.

Implications: Piglets weaned at 8 to 14
days from multiple, serologically stable sow
herds and commingled were PRRSV nega-
tive at 90 days of age. Vaccinating gilts
twice prior to breeding and sows at wean-
ing may increase the stability of breeding
herds. Results must be validated in large
commercial operations.
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Porcine reproductive and respiratory
syndrome (PRRS) has become wide-
spread in almost all pig-producing

countries worldwide. Many countries re-
quire that imported pigs come from
PRRSV-negative areas or herds. Thus, the
production of PRRSV-negative pigs has
become important to the pork industry for
the export of valuable breeding stock and
the establishment of new PRRSV-negative
nucleus herds. A number of management
strategies have been used in the industry to
control or eradicate PRRSV virus in
herds,2-3,9-11,14-16,17 but attempts have not
been consistently successful.4,6,10 The suc-
cess of any control or eradication strategy
requires correct identification of herd-
specific viral patterns and susceptible popu-

lations on the farm.1,7-8,9,13 If there is ac-
tive virus circulation in the breeding herd,
piglets are likely to be infected before
weaning. If the breeding herd is stable, in-
fection of piglets prior to weaning is less
likely.7,12 Serological stability of breeding
herds is traditionally assessed using PRRS
enzyme-linked immunosorbent assay
(ELISA) S:P descriptive statistics.5,12 Serol-
ogy may not be adequate to define the ab-
sence of vertical transmission of PRRSV
virus in the breeding herd, and it may be
necessary to use molecular techniques such
as PCR to determine the pattern of viral
infection within the farm.13,15

The main objective of this study was to
repeatedly produce PRRS-negative pigs

from a nursery supplied by multiple PRRS-
positive herds, and to maintain PRRS-
negative status in the pigs to 90 days of
age. In addition, we investigated serological
stability of these herds and the impact of
sow vaccination.

Materials and methods
Protocol
Three trials were performed using the fol-
lowing protocol. A PRRS IDEXX ELISA
(HerdCheck®, IDEXX Laboratories Inc.,
Westbrook, Maine) was performed on 15
to 30 randomly selected sows and gilts in
each breeding herd to assess the serological
status of the herd according to criteria for a
serologically stable breeding herd. Piglets
were weaned at 8 to 14 days of age and
commingled in an off-site nursery, with
pigs from vaccinated and non-vaccinated
herds housed separately. All pigs were sero-
logically tested four times (PRRS IDEXX
ELISA) between weaning and 90 days of
age. A subset of pigs was tested with PRRS
reverse transcription-polymerase chain re-
action (RT-PCR) and restriction fragment
length polymorphism (RFLP) assays.
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Off-site nursery
Three trials were conducted in two rooms
with separate ventilation, manure han-
dling, and personnel. Pigs from vaccinated
and non-vaccinated herds were housed in
separate rooms. Management was all in-all
out by room, except in Trial 2 when piglets
were weaned on three occasions and filling
took 3 weeks to accomplish. Except in Trial
1, pigs from different herds were separated
by pen.

The health status of the pigs was moni-
tored by the nursery manager on a daily
basis and by a veterinarian at the time of
blood sampling. The manager recorded
health changes and therapeutic treatments.

Selection of breeding herds
and pigs
Ten herds (seven from Ontario and three
from Quebec) were selected by the owner
of the off-site nursery according to the ge-
netic needs of his export company and the
willingness of producers to participate in
the study (Table 1). All herds were PRRS
seropositive, either by infection with a field
strain (Herds 6 to 10) or by vaccination
(Herds 1 to 5) with Ingelvac RespPRRS™

(Boehringer-Ingelheim, St. Joseph, Mis-
souri). Clinical PRRS had occurred in vac-
cinated Herds 1, 4, and 5, while vaccinated
Herds 2 and 3 reported PRRS-negative
status before vaccination was initiated. The
five non-vaccinated herds reported PRRS-

seropositive status without clinical PRRS.
In all vaccinated herds, gilts were vacci-
nated twice at a 2-week interval, and sows
were vaccinated prior to breeding, except
in Herd 5, where sows were vaccinated in
mid-gestation. All herds had used the same
vaccination protocols for more than 3 years
(Table 1).

Herds 1 through 9 were closed to new ad-
ditions. Herd 10 was an open, non-vacci-
nated herd that became re-infected with
PRRSV through the introduction of in-
fected gilts which were housed in the same
barn with the PRRS-seronegative, first tri-
mester, gestating gilts. When the owner
became aware of their PRRS status, be-
tween Trials 2 and 3, gilts and sows in this
herd were vaccinated prior to breeding
(Ingelvac RespPRRS™).

Fifty-three dams were selected by ten par-
ticipating producers. Approximately one
third to one half of the pigs from the 53
selected litters were sent to an off-site nurs-
ery, while the other piglets remained on the
farm of origin. Participation of herds,
number of litters and piglets per herd,
weaning age, and source and number of
piglets in Trials 1, 2, and 3 are provided in
Tables 2 and 3.

Sampling of herds and pigs
For non-vaccinated herds, sample size was
calculated to provide a 95% level of
confidence for estimating a seroprevalence

of at least 30% ± 15%.19 For vaccinated
herds, sample size was calculated to provide
a 95% level of confidence for estimating a
seroprevalence of at least 60% ± 20%.19 A
cross-sectional serological profile of 15 to
30 randomly selected breeding animals per
herd was performed, with the sample size
adjusted to herd size.19 This profile in-
cluded gilts (prior to breeding and vaccina-
tion), and gestating and lactating sows over
a full range of parities and trimesters of
gestation. Herds that participated in only
one trial were sampled once (Herds 4, 5, 6,
7, 8, and 9), while herds that participated
in two trials, except Herd 10, were sampled
on two occasions almost a year apart
(Herds 1, 2, and 3). Herd 10 was sampled
only once, prior to Trial 2, due to logistical
constraints. The 210 piglets that were
moved to the off-site nursery were sampled
four times: at weaning, and at 30, 60, and
90 days of age. At least three sera represent-
ing piglets from each herd were randomly
selected for RT-PCR testing and were rep-
resentative of the off-site nursery. Sera were
also tested from pigs that showed an in-
crease in PRRS ELISA S:P values with suc-
cessive tests.

Laboratory diagnosis
Serology was performed using PRRS
IDEXX ELISA (HerdCheck®, IDEXX
Laboratories Inc., Westbrook, Maine). An
S:P of  ≥0.4 was considered seropositive.
All samples from a herd and from a par-

.oNdreH epytdreH )swos(ezisdreH SRRPlaitinI
sisongaid locotorpnoitaniccavSRRP

sdrehdetaniccaV
1 SM 007 4991 swosnepo,stliG
2 FF 55 AN swosnepo,stliG
3 GF 005 AN sraob,swosnepo,stliG
4 FF 051 5991 swosnepo,stliG
5 FF 002 1991 sraob,swosnoitatseg-dim,stliG

sdrehdetaniccavnU
6 SM 007 2991 AN
7 FF 032 4991 AN
8 FF 811 4991 AN
9 FF 051 2991 AN

01 t GF 007 5991 swosnepo,stliG

Table 1: Ten Ontario and Quebec breeding herds from which 210 piglets were weaned and commingled in an off-site
nursery in a 1998-1999 study.  All herds were PRRS seropositive but did not report clinical PRRS in the 12 months previous
to the study.

t Herd 10 began vaccinating when gilts infected with PRRS were introduced between Trials 2 and 3.  All other herds were closed.
FF: farrow-to-finish; FG: farrow-to-grow; FW: farrow-to-wean; MS: multi-site
NA: not applicable
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ticular pig were tested on the same day. A
diagnostic RT-PCR was conducted on se-
lected individual sera to confirm and clarify
serological findings in piglets. An RFLP
assay was used to type the virus in the
PCR-positive sera.23 This test provides a
numerical, three-digit code that describes
open reading frame RFLP patterns for re-
striction enzymes Mlu I, Hinc II, and Sac
II, in that order. The same laboratory per-
sonnel at the Animal Health Laboratory,
Laboratory Services Division, University of
Guelph, conducted PRRS IDEXX ELISA,
PCR, and RFLP assays.

Definition of a serologically stable
breeding herd
The following definition was modified
from Dee.12 A vaccinated herd was consid-
ered serologically stable if the PRRS ELISA
S:P was <2.0 for at least 90.0% of breeding
herd serum samples. A non-vaccinated
herd was considered serologically stable if
the PRRS ELISA S:P was <1.0 for at least
90% of breeding herd samples, and if less
than 10.0% of samples had an S:P >2.0.

Statistical analysis
Descriptive statistics were performed using
the xChek™ IDEXX Global Animal
Health Monitoring software (version 2.0,
7/1997).

Results
Clinical observations in the
nursery
No deaths were recorded. Two piglets were
euthanised (Trials 1 and 3) because of
physical injuries. Two pigs infected with
Staphylococcus hyicus were treated with
parenteral antibiotics (Trial 2). No other
clinical illnesses were recorded.

Trial 1
All 35 piglets from the vaccinated herds
(Herds 1, 2, 3, and 4) were seronegative at
60 to 90 days of age, and the ten sera
tested by RT-PCR were PRRSV negative.

Sixteen of the 32 piglets from the two non-
vaccinated herds (Herds 6 and 7) were se-
ropositive at weaning. The number of se-
ropositive piglets and their S:P values
increased successively in the 30-day and
60-day tests. Five of ten sera tested by RT-
PCR were PRRSV positive. In three piglets
from Herd 6 and one from Herd 7, a
PRRSV field strain with an RFLP cut-pat-
tern of 1-1-2 was identified when positive
samples were tested by RT-PCR RFLP. An
intermediate strain with a cut-pattern of 2-

1-2 was identified in one piglet from
Herd 6.

Trial 2
All 13 piglets from the vaccinated herd
(Herd 5) were seronegative at 60 and 90
days of age, and the three sera tested by
RT-PCR were PRRSV negative.

Ten of the 28 piglets from the non-vacci-
nated Herd 8 were seropositive at weaning.
All 28 piglets were seronegative at 30 days
of age and remained seronegative to the
end of the trial. The 13 pigs from non-
vaccinated Herd 9 were seronegative
throughout the trial. All seven sera tested

by RT-PCR from Herds 8 and 9 were
PRRSV negative.

 The five piglets from non-vaccinated Herd
10 were seropositive at weaning and had
increasing PRRS ELISA S:P values (up to
3.1) in the 30-day and 60-day tests. All five
sera tested by RT-PCR were PRRSV posi-
tive. Intermediate strains with cut patterns
of 2-1-2 and 1-5-2 were identified using
RT-PCR RFLP.

Trial 3
All 84 piglets from vaccinated Herds 1, 2,
and 3, and the recently vaccinated Herd
10, were seronegative at 60 and 90 days of

1lairT 2lairT 3lairT
sDIdrehdetaniccaV 4,3,2,1 5 01,3,2,1 t

sDIdrehdetaniccav-noN 7,6 01,9,8 t AN
)syad(egagninaeW 21-8 41-8 41-01

detsetstelgipforebmuN 76 95 48

.oNDIdreH srettilforebmuN stelgipforebmuN
1lairT

1 3 21
2 3 01
3 4 01
4 1 3
6 4 61
7 4 61

slatoT 91 76
2lairT

5 3 31
8 5 82
9 4 31

01 t 1 5
slatoT 31 95
3lairT

1 5 41
2 2 11
3 4 11

01 t 01 84
slatoT 12 48

Table 2: Distribution of five PRRSV-vaccinated and five non-vaccinated sow
herds among trials in which 210 selected piglets were commingled in an
off-site nursery for production of PRRS-negative pigs.

t Vaccination status of Herd 10 changed between Trials 2 and 3.
NA: not applicable

Table 3: Sources of 210 piglets weaned from PRRS-vaccinated (Herds 1-5) and
non-vaccinated (Herds 6-10) sow herds and commingled in an off-site nursery
for production of PRRS-negative pigs.

t Vaccination status of Herd 10 changed between Trials 2 and 3.
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age. All 12 sera tested by RT-PCR were
PRRSV negative.

Serological stability of breeding
herds
Vaccinated Herds 1 to 5 and non-vacci-
nated Herds 6 and 8 were serologically
stable breeding herds according to the cri-
teria used to define serological stability
(Tables 4 and 5). Non-vaccinated Herds 7,
9, and 10 did not meet these criteria
(Table 5).

Discussion
Other studies reported production of
PRRSV-negative pigs from PRRSV-posi-
tive, non-vaccinated herds by use of the
Isowean system, by deriving piglets by hys-
terectomy, and by onsite or offsite early
weaning.3,15,17 In our study, PRRSV-nega-
tive pigs were produced from two of five
non-vaccinated herds, and from five of five
vaccinated, serologically stable herds. The
number of seropositive piglets declined
gradually in the 30- and 60-day samples
from vaccinated herds, indicating a loss of
passive antibody.6,18,26

Other researchers were not successful in
consistently eliminating PRRSV by early
weaning4,6, possibly because of transpla-
cental transmission of the virus from dams
to piglets during gestation, or shedding of
PRRSV in milk or colostrum.20,22 In our
study, the number of PRRSV-positive pig-
lets in non-vaccinated Herds 6 and 7 in-
creased between the 30- and 60-day tests.
Piglets from Herd 6 that were PRRSV
positive by RT-PCR at 8 to 10 days of age

were probably vertically infected. The
PRRSV was not detected in piglets from
Herd 7 at weaning, but by 30 days of age,
one pig was PCR-test positive and two had
S:P values >2.0. Detection of the same field
strain (RFLP cut pattern 1-1-2) in piglets
from both herds suggests that piglets from
Herd 7 were infected after being housed
with PRRSV-positive piglets from Herd 6.
However, because of the unstable serologi-
cal profile of breeding Herd 7, with PRRS
ELISA S:P values up to 4.25, the possibil-
ity of infection prior to weaning cannot be
excluded.

If the breeding herd is stable, piglets are
less likely to be infected before weaning.12

We were able to produce PRRSV-negative
pigs from all five serologically stable vacci-
nated herds. Our findings support Dee’s12

definition of serological stability in vacci-
nated herds. Dean5 suggested that stable
vaccinated herds had an average PRRS
ELISA S:P <1.0, while unstable herds had
an average PRRS ELISA S:P >1.0, and
defined the region of stability as the mean
S:P across negative farms, ±3 SD. In our
study, mean PRRS ELISA S:P was <1.0 in
four of the five vaccinated herds, but in
Herd 1, mean PRRS ELISA S:P was 1.06
in Trial 1 and 1.08 in Trial 3. Consistent
production of PRRS-negative pigs in Trials
1 and 3, and confirmation of their PRRSV-
negative status by RT-PCR assay, suggested
that Herd 1 was correctly considered a se-
rologically stable herd.

Herds 6 and 8 were serologically stable
non-vaccinated herds according to the sug-
gested criteria. However, detection by RT-

PCR assay of PRRSV-positive piglets from
Herd 6 at weaning indicated active virus
transmission in the lactating population,
and herd instability. This suggests that se-
rological tests alone may not be adequate
to define the absence of vertical transmis-
sion in a breeding herd,13 although sero-
logical assessment using suggested criteria
may be a good indicator of herd stability.
Suggested cut-off values for vaccinated and
non-vaccinated, serologically stable breed-
ing herds cannot be considered
standardised, particularly in non-vacci-
nated herds. Until a standardised definition
of a serologically stable herd has been vali-
dated, the term ‘serologically stable’ re-
mains relatively subjective.

The vaccination status of Herd 10 changed
during the study. This herd participated in
Trials 2 and 3 with some interesting results.
In Trial 2, piglets from Herd 10 (unstable,
non-vaccinated herd) were housed for 75
to 80 days in different pens in the same
room as PRRS-negative pigs produced
from Herds 8 and 9 (stable, non-vaccinated
herds). Piglets from Herd 10 were seroposi-
tive at 30 days of age and showed increas-
ing PRRS ELISA S:P values, up to 3.1, to
the end of trial. Pigs from the stable, non-
vaccinated herds remained seronegative
during the trial, suggesting that the impor-
tance of aerosol transmission of PRRSV
might be overestimated.25 In Trial 3,
PRRSV-negative pigs were produced from
Herd 10 after gilts and sows had been vac-
cinated prior to breeding. As the post-vac-
cination serologic profile from Herd 10 was
unavailable, we were unable to evaluate the
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t Criterion for serological stability: Vaccinated herd, PRRS ELISA S:P <2.0 for ≥90.0% of breeding herd serum samples (white area).

Table 4: Distribution of PRRS ELISA S:P in sows and gilts, and piglets at weaning, from three vaccinated herdst in Ontario
sampled twice, a year apart (1998-1999)
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effect of vaccination on the serological sta-
bility of the breeding herd.

In our study, vaccinated herds were more
likely to be serologically stable than non-
vaccinated herds. Vaccinating gilts twice
prior to breeding and sows at weaning for
more than 3 years appeared to produce
serological stability. In Herds 1, 2, and 3,
similar distributions of PRRS ELISA S:P
values were seen in sows and piglets in two
tests almost a year apart (Table 4). Pigs
negative for PRRSV were produced repeat-
edly from these relatively small, closed, se-
rologically stable herds (<700 sows) with
good biosecurity. However, Sanford21 also
reported that pigs seronegative for PRRS at
the end of the nursery phase were pro-
duced from three large commercial produc-
tion systems (>1000 sows) that were repre-
sentative of large commercial swine
operations in North America. In these
units, sows were vaccinated routinely for
more than 3 years and breeding herds were
serologically stable, ie, PRRS ELISA S:P
was <2.0 in at least 90.0% of breeding herd
samples.

Our protocol was validated in a small, off-
site nursery designed for the specialised
production of high health breeding stock
for export and the establishment of new
nucleus herds, and our results may be bi-

ased due to the small sample size on a herd
level and the selection procedure of herds
and dams within herds. These results may
not apply to large herds (>1000 sows) with
a rapid turnover of breeding animals, com-
mingling from several sow herds, and less
stringent biosecurity measures.

Implications
• Piglets originating from multiple,

serologically stable, vaccinated, small
sow herds (<700 sows) and weaned at
8 to 14 days of age will be PRRS
negative at 90 days of age when
commingled in an off-site nursery
with all in-all out management.

• Consistent production of PRRS-
negative pigs originating from
multiple PRRS-positive herds and
commingled in an off-site nursery
requires that the breeding herds be
serologically stable.

• Vaccinating gilts with PRRS vaccine
twice prior to breeding, and vaccinat-
ing sows at weaning, may increase the
serological stability of the breeding
herd.

• Assessment of serological stability by
PRRS ELISA using the suggested
criteria for a serologically stable
breeding herd might be useful, but
should not be overestimated.

• Results of this study need to be
validated in large commercial opera-
tions (>1000 sows).
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