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Summary
Objectives: To describe gilt replacement 
strategies in regard to porcine reproductive 
and respiratory syndrome virus (PRRSV) 
and to assess differences between high den-
sity (HD) and moderate density (MD) pig 
areas.

Materials and methods: A cross-sectional 
study was conducted in breeding sites 
located in an HD (n = 68) and an MD area 
(n = 52) in Quebec between May 2005 and 
August 2008. A questionnaire on strategies 
used to introduce replacement gilts was 
completed and PRRSV status was assessed 
by enzyme-linked immunosorbent assay or 
reverse-transcription polymerase chain reac-
tion. Sites housing at least one pig positive 

by either test were classified as PRRSV-
positive. Strategies were described according 
to herd characteristics, PRRSV status, and 
area.

Results: Self-replacement and purchase of 
mature or immature gilts were observed on 
37%, 35%, and 28% of sites, respectively. In 
positive sites purchasing mature gilts, 18% 
had a PRRSV-positive supplier, and gilts 
were introduced either directly into the 
sow herd (15%) or after isolation (41%) or 
acclimatization (44%). Most positive sites 
purchasing immature gilts practiced acclima-
tization (93%), either by commingling gilts 
with commercial pigs (93%) or inoculating 
serum (7%). Acclimatization processes 
were rarely monitored through diagnostic 

procedures. Lower sow inventory, higher 
prevalence of PRRSV infection, and higher 
frequency of self-replacement were observed 
in the HD compared to the MD area. Nega-
tive and positive sites practicing voluntary 
exposure to PRRSV both clustered spatially 
within the MD area.

Implication: Replacement strategies may 
have weaknesses that should be addressed to 
facilitate PRRSV management at the herd 
and regional levels.
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Resumen - Estrategias de reemplazo de 
hembras primerizas, utilizadas en dos 
áreas de producción porcina en Quebec, 
en relación al virus del síndrome repro-
ductivo y respiratorio porcino

Objetivos: Describir las estrategias de 
reemplazo de hembras primerizas en relación 
al virus del síndrome reproductivo y respi-
ratorio porcino (PRRSV por sus siglas en 
inglés) y valorar las diferencias entre las áreas 
de alta densidad porcina (HD por sus siglas 
en inglés) y densidad moderada (MD por sus 
siglas en inglés).

Materiales y métodos: Entre Mayo 2005 y 
Agosto 2008, se realizó un estudio  
transversal, en sitios de gestación y materni-
dad localizados en un área de HD (n = 68) 
y un área de MD (n = 52) en Quebec. Se 
elaboró un cuestionario sobre estrategias 
utilizadas para introducir hembras de 
reemplazo y se valoró el estatus de PRRSV 
por medio de la prueba de ensayo por inmu-
noabsorción ligado a enzimas o la reacción 
en cadena de polimerasa de transcriptasa 
reversa. Los sitios que albergaron, al menos 
un cerdo positivo de cada una de estas 
pruebas se clasificaron como positivos al 

PRRSV. Las estrategias fueron descritas de 
acuerdo a las características del hato, estatus 
de PRRSV, y áreas.

Resultados: En 37%, 35%, y 28% de los 
sitios, se practicó el auto reemplazo y compra 
de hembras maduras o inmaduras, respec-
tivamente. En los sitios positivos que com-
praron hembras maduras, el 18% tenía un 
proveedor positivo al PRRSV, y las hembras 
se introdujeron directamente al hato (15%) 
o después del aislamiento (41%) o de la 
aclimatación (44%). La mayoría de los sitios 
positivos que compraban hembras inmadu-
ras, practicaron la aclimatación (93%), ya 
fuera al mezclar las hembras con cerdos 
comerciales (93%) o inoculando suero (7%). 
Rara vez se monitorearon los procesos de 
aclimatación a través de procedimientos de 
diagnóstico. Se observó un menor inventario 
de hembras, alta prevalencia de la infección 
de PRRSV, y una frecuencia más alta de 
auto reemplazo en el HD comparado con 
el área MD. Los sitios positivos y negativos 
que practicaron la exposición voluntaria al 
PRRSV se agruparon espacialmente dentro 
del área MD.
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Porcine reproductive and respiratory 
syndrome (PRRS) is a viral disease 
that has a major economic impact 

on the swine industry.1 In breeding herds 
experiencing clinical outbreaks, decreased 
farrowing rates, premature farrowings, 
abortions, heterogeneous litters composed 
of stillborns, mummies, or weak piglets, 
and increased pre-weaning mortality can 
be observed.2 Once introduced into a herd, 
the virus can be horizontally transmitted 
through direct contact with various fluids 
from infected pigs or through an indirect 
pathway, eg, aerosols, insects, or fomites such 
as boots, coveralls, or needles.3-8 Viremic 
sows can also transmit the infection to their 
progeny either transplacentally or through 
direct contact with vaginal, mammary, or 
other secretions.9 Viral circulation can be 
further maintained by persistently infected 
pigs, complicating PRRS management.10

Gilt replacement represents a real challenge 
for on-farm prevention and control of PRRS 
virus (PRRSV). Indeed, PRRSV-positive 
replacement animals represent a risk factor 
for not only introducing the strain to nega-
tive herds, but for re-infecting positive herds, 
since only partial immune response has been 
reported after such heterologous challenge 
infections.11-14 Combined with the marked 
genetic and antigenic diversity among 
PRRSV strains, this lack of cross-protection 
precludes complete effectiveness of disease 
control through the sole use of commercially 
available modified-live vaccines, which are 

each composed of a single virus strain.15 
Consequently, preventive measures must 
be established to avoid introduction of new 
PRRSV strains into a herd. Furthermore, 
a producer with a PRRSV-positive sow 
herd buying PRRSV-negative replacements 
without introducing gilts properly could 
enhance circulation of the endemic viral 
strain. Gilt acclimatization is actually the 
most common and effective strategy to 
address this problem.16,17 It can be defined 
as voluntary exposure of incoming gilts to 
the herd’s PRRSV endemic strain, followed 
by a cool-down period, which represents the 
interval between the cessation of exposure 
and entrance of gilts into the sow herd. This 
period is necessary to ensure that gilts are no 
longer shedding the virus when introduced 
into the herd.18,19

Several gilt replacement strategies are per-
formed in the field. However, noncompli-
ance with basic principles could seriously 
compromise PRRSV management at the 
herd or regional level. The objectives of this 
study were to describe replacement strategies 
used for gilts in regard to PRRSV and to 
assess regional differences between a high-
density (HD) and a moderate-density (MD) 
pig area.

Materials and methods
This study was approved by the Comité 
d’éthique de l’utilisation des animaux of the 
University of Montreal.

Study design and source population
As part of a larger study on the epidemiol-
ogy of PRRSV, a cross-sectional study was 
conducted on strategies used to introduce 
replacement stock in sites located in two 
regions of Quebec, a province in eastern 
Canada, between May 2005 and August 
2008. An HD area was selected which cor-
responded to 10 adjacent municipalities 
located in the Monteregie administrative 
region. The entire Estrie region of Quebec 
was selected as an MD area to ensure a 
comparable number of breeding sites in both 
areas for comparison of several potential risk 
factors.20,21

The unit of interest was the production site, 
defined as one or more barns located within 
300 m of one another, belonging to the same 
owner (individual or corporate), and having 
the same animal source(s). In order to select 
sites, all producers listed in the Fédéra-
tion des producteurs de porcs du Québec 
database and located in the HD or MD area 
were contacted by mail. This list included 
every producer with at least CaD $5000 
annual income from agriculture. A written 
description of the project and a participation 
form to be signed and returned were initially 
sent by mail. Participation was voluntary. 
Producers who did not respond or refused 
to participate were contacted by phone to 
inquire about their participation or to follow 
up on the reasons for their refusal.

Implicación: Las estrategias de reemplazo 
pueden tener puntos débiles que deben 
manejarse para facilitar el manejo del 
PRRSV a niveles de hato y regional.

 

Résumé - Stratégies de remplacement des 
cochettes utilisées dans deux régions de 
production porcine au Québec relative-
ment au virus du syndrome reproducteur 
et respiratoire porcin

Objectifs: Décrire les stratégies de remplace-
ment des cochettes relativement au virus du 
syndrome reproducteur et respiratoire porcin 
(PRRSV) et évaluer les différences entre une 
région à haute densité porcine (HD) et une à 
densité porcine modérée (MD).

Matériels et méthodes: Une étude transver-
sale a été menée sur des sites de reproduction 
situés dans une région HD (n = 68) et une 
région MD (n = 52) du Québec entre mai 

2005 et août 2008. Un questionnaire sur 
les stratégies utilisées pour introduire les 
cochettes de remplacement a été complété 
et le statut relativement au PRRSV a été 
évalué par un test immuno-enzymatique ou 
une réaction d’amplification en chaîne par la 
polymérase utilisant la transcriptase réverse. 
Les sites hébergeant au moins un porc positif 
par l’une ou l’autre des deux épreuves étaient 
classés comme PRRSV-positif. Les stratégies 
étaient décrites en fonction des caractéris-
tiques du troupeau, du statut PRRSV, et de 
la région.

Résultats: L’auto-remplacement et l’achat 
de cochettes matures ou immatures ont été 
observés sur, respectivement, 37%, 35%, et 
28% des sites. Sur les sites positifs qui ache-
taient des cochettes matures, 18% avaient un 
fournisseur PRRSV-positif, et les cochettes 
étaient introduites soit directement dans le 
troupeau de truies (15%) ou après isolement 

(41%) ou acclimatation (44%). La plupart 
des sites achetant des truies immatures 
pratiquaient l’acclimatation (93%) soit en 
mélangeant les cochettes avec des porcs com-
merciaux (93%) ou en inoculant du sérum 
(7%). Le processus d’acclimatation était 
rarement évalué par des procédures diagnos-
tiques. Un inventaire plus faible en truies, 
une prévalence d’infection par PRRSV 
plus élevée, et une fréquence plus grande 
d’auto-remplacement étaient observés dans 
la région HD comparativement à la région 
MD. Des sites négatifs et positifs pratiquant 
une exposition volontaire au PRRSV étaient 
regroupés spatialement dans la région MD.

Implication: Les stratégies de remplacement 
peuvent avoir des faiblesses et devraient 
être examinées afin de faciliter la gestion 
du PRRSV au niveau du troupeau et à un 
niveau régional.
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Questionnaire
A questionnaire with semi-closed and 
open questions was developed to assess and 
describe the different strategies of replace-
ment. Four veterinarians specialized in 
swine production and three producers were 
consulted to assess relevance, clarity, and 
completeness of questions. The question-
naire was filled out by the first author during 
a 15-minute in-person interview with the 
owner of each independent farm or with 
the site manager of farms under contract. 
On a few occasions, the questionnaire was 
completed during a telephone interview 
because the producer was not available for 
a visit on the site. Information was gathered 
on several herd characteristics, such as sow 
and pig inventory, type of production, own-
ership, and commercial PRRSV vaccines 
used on the site. Questions also addressed 
self-replacement or purchase of gilts, 
approximate weight of gilts at introduction, 
source(s) of gilts, PRRSV status of supplier 
(defined in a broad sense according to the 
best knowledge of the producer), interval 
between gilt introductions, number of gilts 
per group, use of back-to-back transporta-
tion (transfer of gilts from the supplier’s 
truck to the owner’s truck), diagnostic 
procedures performed on gilts, and strategies 
used to introduce them into the sow herd. 
Self-replacement referred to sites that had 
not purchased gilts from external sources 
for at least 6 months prior to the survey. 
When gilts were provided by an external 
source to the site, introduction strategies 
were investigated. Isolation was defined as 
a period of time that purchased gilts were 
segregated before being introduced into the 
sow herd, without voluntarily exposing them 
to endemic pathogens from the recipient 
herd. In contrast, acclimatization referred to 
the process where a voluntary exposure of 
purchased gilts to the herd endemic patho-
gens (eg, direct or indirect contact with live 
animals, serum inoculation) was allowed 
prior to their introduction into the sow 
herd. This latter strategy was combined or 
not with a cool-down period. Another strat-
egy was to introduce purchased gilts directly 
into the sow herd, without any isolation or 
acclimatization process. Questions pertained 
to practices at the time of questionnaire 
completion or during the previous 6 months, 
depending on the questions. Geographical 
coordinates of the site (latitude, longitude) 
were obtained using a global positioning 
system (GPS).

Herd PRRSV-status assessment
PRRS virus status was determined by a 
commercially available enzyme-linked 
immunosorbent assay (ELISA) (Idexx 
HerdChek PRRS 2XR; Idexx Laboratories 
Inc, Westbrook, Maine) or by reverse-
transcription polymerase chain reaction 
(RT-PCR) (Qiagen OneStep RT-PCR Kit, 
Qiagen Inc, Mississauga, Ontario, Canada). 
Animal sampling strategy within each herd 
and laboratory analyses varied according to 
PRRSV history and clinical signs as reported 
by the producer. Sampling was performed on 
the farm following questionnaire completion 
or shortly thereafter. Sites housing at least 
one pig positive for PRRSV or antibodies 
were classified as PRRSV-positive.

Sites with clinical history of PRRS. For 
sites with clinical signs compatible with 
PRRS at the time of sampling, animals were 
sampled in order to confirm PRRSV infec-
tion and also to maximize the probability 
of identifying a PRRSV strain needed for 
another part of the larger project.22 We col-
lected either tissue (pooled lungs, tonsils, 
and tracheobronchial lymph nodes) from 
one to three dyspneic suckling piglets, wean-
ers, or finishers, or sera from sows that had 
aborted, according to the stage of produc-
tion most clinically affected by the disease. 
In the absence of clinical signs compatible 
with PRRS at the time of sampling, a 
minimum of 10 blood samples were drawn 
from animals at higher risk of viremia (gilts 
recently introduced into the breeding site 
or piglets in mid-nursery) and were pooled 
(maximum five samples per pool) for further 
analyses. Ribonucleic acid was extracted 
from sera or homogenates of lungs, tonsils, 
and lymph nodes with a QIAamp Viral 
RNA Mini Kit according to the manufac-
turer’s instructions. Reverse-transcription 
PCR was accomplished using the Qiagen 
OneStep RT-PCR Kit and primers 5FN and 
5DN under PCR conditions for detection 
of viral RNA as described by Larochelle et 
al.23 In the presence of an RT-PCR-negative 
result, additional samples (from sera or 
from necropsy samples of lungs, tonsils, and 
lymph nodes) were tested using RT-PCR 
when pigs showing clinical signs were avail-
able for necropsy. If RT-PCR results were 
again negative, or in the absence of clinical 
signs, the same strategy was used as that 
described for sites without history of PRRS.

Sites without history of PRRS. When no 
clinical history of PRRS was reported by the 

producer and no PRRSV commercial vac-
cination was performed on the site, samples 
were taken in order to confirm absence 
of infection. For that purpose, 30 sows of 
various parities were conveniently selected 
and blood sampled. This strategy allowed 
for detection of infection in larger sites, 
assuming a 10% seroprevalence with a 95% 
herd confidence level. Sera were tested for 
antibodies as originally described by Albina 
et al24 and performed as recommended by 
the manufacturer (Idexx HerdChek PRRS 
2XR). Seropositivity threshold was fixed to 
a sample-to-positive (S:P) ratio ≥ 0.4. When 
two or fewer sample(s) of 30 were positive, 
samples were retested by ELISA. The site 
was classified as positive when at least one 
sample was ELISA-positive after retesting.

In order to describe replacement strategies 
according to PRRSV status, sites were clas-
sified as PRRSV-positive if at least one RT-
PCR-positive or ELISA-positive result was 
obtained. Otherwise, they were classified as 
PRRSV-negative. All diagnostic procedures 
were performed at the Faculty of Veterinary 
Medicine of the University of Montreal in 
St-Hyacinthe, Quebec.

Statistical analyses
Validation and descriptive statistics were 
performed on data using SAS version 9.1 
software (SAS Institute Inc, Cary, North 
Carolina). Sites having more than one missing 
value were excluded from subsequent analy-
ses. Gilt introduction strategies according to 
PRRSV status of the recipient herd, type of 
gilts purchased (self-replacement, purchase of 
mature or immature gilts), and herd charac-
teristics were described. For PRRSV-positive 
sites purchasing and acclimatizing gilts, differ-
ences in the acclimatization process (exposure 
and cool-down period) between types of gilts 
purchased were assessed using the Pearson 
exact chi-square (α = .05) for categorical vari-
ables25 and the Wilcoxon rank sum test (α = 
.05) for continuous data. Differences between 
the HD and MD areas were also assessed 
using the same statistical procedures described 
above regarding herd characteristics, type of 
gilts purchased, gilt introduction strategies, 
PRRSV status, PRRSV commercial vaccina-
tion of gilts or sows, and exposure of gilts to 
the herd’s endemic PRRSV or modified-live 
PRRSV vaccine strain(s).

Spatial analyses
PRRS virus-negative sites, PRRSV-positive 
sites not exposing gilts, and PRRSV-positive 
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sites exposing gilts to herd endemic strains 
or to one or more modified-live vaccine 
strains were geographically interpolated 
using the Thiessen polygon method in 
ArcInfo version 9.3 software (Esri, Redlands, 
California) to preserve confidentiality of 
producers. The area perimeter was hand-
defined in order to produce a compact zone 
comprising all sites and excluding areas with 
no sites. A small gap was allowed between 
sites and area boundaries. Spatial clusters of 
PRRSV-negative sites or of PRRSV-positive 
sites exposing gilts were assessed using the 
spatial scan test performed in SaTScan ver-
sion 8.0 software (Boston, Massachusetts), 
based on a purely spatial Bernoulli distri-
butional assumption model and scanning 
for circular clusters using a 50% population 
size maximal threshold. Analyses were 
performed separately for each area. The first 
analysis considered PRRSV-negative sites 
to be cases and PRRSV-positive sites to be 
controls. In the second analysis, the cases 
were PRRSV-positive sites exposing gilts 
and the controls were the remaining sites 
(eg, PRRSV-positive not exposing gilts and 
PRRSV-negative sites). The statistical sig-
nificance of clusters was determined through 
9999 permutations and the most likely sig-
nificant cluster (P < .05) was mapped.

Results
Overall participation was 77%.21 Four sites 
that each had more than one missing value 
were excluded. A total of 120 breeding sites 
(HD = 68, MD = 52) having a median 
(Q1-Q3) sow inventory of 196 (139-333) 
were included in the study population. 
Included sites were either farrow-to-finish 
(69%), farrow-to-grow (11%), or farrow-
to-wean (20%), and most sites (90%) were 
managed by an independent producer. 
PRRS-virus status was positive in 85% of 
the sites (102 of 120). PRRS-virus com-
mercial vaccination was routinely used on 
gilts or sows in 30% of the sites (36 of 120). 
On these 36 sites, either both sows and gilts 
(75%), gilts only (22%), or sows only (3%) 
were vaccinated. Sites where commercial 
vaccinations were performed used live 
attenuated vaccines, mainly (83%) modified 
live virus (MLV) strain (Ingelvac PRRS 
MLV or ReproCyc PRRS-PLE; Boehringer 
Ingelheim Canada Ltd, Burlington, Ontario, 
Canada), with 11% of sites using atypical 
virus strain (Ingelvac PRRS ATP; Boeh-
ringer Ingelheim Canada Ltd), and two sites 
using both PRRSV vaccine strains (6%). 
Self-replacement and purchase of mature 

(≥ 95 kg) or immature (< 95 kg) gilts were 
observed on 37%, 35%, and 28% of the 120 
sites, respectively. Self-replacement (n = 44) 
was mainly performed on independently 
owned (100%) and farrow-to-finish sites 
(89%) having a median (Q1-Q3) sow inven-
tory of 158 (108-225). When immature or 
mature gilts were bought from an external 
source (n = 76), 97% of the sites had only 
one supplier. Immature gilts (34 of 76 sites) 
were purchased on average at 6-week inter-
vals at a median (Q1-Q3) weight of 5 kg 
(5-8 kg), and 90% of the sites bought gilts 
at < 20 kg. Mature gilts (42 of 76 sites) were 
bought on average at 7-week intervals at a 
median (Q1-Q3) weight of 114 kg (110-
120 kg). Back-to-back transportation was 
applied for gilt delivery on 26% of the sites, 
with the proportion differing significantly 
between farms buying immature (44%) and 
mature gilts (14%) (P < .01; Pearson exact 
chi-square test).

Table 1 shows gilt introduction strategies 
used in PRRSV-positive (n = 102) and 
negative sites (n = 18) according to the 
type of gilts purchased. In PRRSV-negative 
sites, all purchased gilts were from PRRSV-
negative sources. In PRRSV-positive sites, 
all immature gilts (n = 31) were purchased 
from a negative supplier, whereas 18% 
(six of 34) of the sites buying mature gilts 
were supplied by a PRRSV-positive herd 
(n = 5) or received PRRSV-vaccinated 
gilts (n = 1). Sites purchasing mature gilts 
from PRRSV-positive external sources had 
different gilt introduction strategies. Among 
PRRSV-positive sites practicing isolation, 
acclimatization, or introducing their gilts 
directly into the sow herd, 63% (10 of 16), 
30% (13 of  44), and 40% (two of five), 
respectively, also used PRRSV commercial 
vaccination of gilts. On both PRRSV-
positive and PRRSV-negative sites, most 
isolation periods (n = 19) occurred on prem-
ises or in rooms adjacent to the principal 
unit (89%), and more than one third (37%) 
operated with a continuous flow without 
washing and disinfecting between groups 
of gilts. The median (Q1-Q3) duration of 
isolation was significantly different between 
producers purchasing mature and immature 
gilts (P < .01; Wilcoxon exact rank sum 
test), with a period of 7 (4-7) and 15 (14-17) 
weeks without any contact with animals 
from the recipient herd, respectively. Diag-
nostic procedures for PRRSV at the end of 
the isolation period and before entering gilts 
into the sow herd were routinely performed 

on 11% (two of 19) of the sites, using ELISA 
or a combination of ELISA and RT-PCR.

An acclimatization process where mature or 
immature gilts were exposed to a PRRSV 
endemic strain before their introduc-
tion into the sow herd was observed on 
43% (44 of 102) of the PRRSV-positive 
sites (Table 1). Exposure mostly occurred 
through direct or indirect contact with live 
animals only (n = 38), sometimes combined 
with feeding placenta (n = 3), or by serum 
inoculation (n = 3). All sources of exposure 
were provided by the recipient herd. Among 
the three sites performing serum inocula-
tion, two purchased immature gilts and 
exposed them in off-site facilities, observing 
an all-in, all-out (AIAO) pig flow and a 
cool-down period of 30 weeks. On the other 
site, mature gilts were inoculated within the 
principal unit and the pig flow was continu-
ous. Table 2 shows descriptive statistics on 
exposure and cool-down periods as practiced 
on PRRSV-positive sites exposing gilts to 
live animals (41 of 44). To expose mature 
gilts (n = 14), direct or indirect contact was 
promoted with one or more animals from 
the following categories: culled sows or 
boars, finishers, weaners, or suckling pigs. 
This exposure period was mostly carried out 
within the principal unit (79%; 11 of 14) 
and often performed with a continuous pig 
flow (64%; nine of 14). Table 2 also shows 
parameters for exposure of immature gilts 
(n = 27). On these latter sites, gilts were 
commingled with commercial pigs to expose 
them to the PRRSV herd-endemic strain 
during the weaner-finisher phase (81%; 22 of 
27), the weaner phase only (15%; four of 27), 
or in a separated unit located on the site (4%; 
one of 27). When exposure occurred within 
the principal unit, gilts were housed in a pen 
separate from commercial pigs in 69% (18 
of 26) of the sites. After the exposure period 
of immature gilts, 44% (12 of 27) of the sites 
applied a cool-down period (Table 2). This 
period was carried out in a gilt finisher unit, 
preventing further contact with commercial 
pigs for one third of the sites (four of 12). 
With the remaining two thirds (eight of 
12), the cool-down most often took place in 
the principal unit (86%), often observing a 
continuous pig flow (38%). Among PRRSV-
positive sites practicing acclimatization, only 
23% (10 of 44) of sites monitored PRRSV 
health status before gilts entered the sow 
barn, using either ELISA (two of 10), RT-
PCR (five of 10), or a combination of both 
methods (three of 10).
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Discussion
Self-replacement was most commonly 
practiced by independently owned farrow-
to-finish sites having a small sow inventory. 
This practice could have been adopted for 
economic reasons in that it reduces the cost 
of replacement, but it may also have been 
used as a preventive method to limit intro-
duction of new PRRSV strain(s) through 
external sources of gilts. Herd closure with 
self-replacement of gilts could also have 
been implemented in response to a PRRS 
problem, in an effort to stabilize infection 
within the sow herd.27 This hypothesis 
would be in line with the higher frequency 
of self-replacement observed in the HD area, 
where a higher prevalence of the disease was 
observed.

Purchasing gilts from an external source, 
a practice that could put a herd at risk for 
introducing a new PRRSV strain, was 
observed on both PRRSV-positive and nega-
tive sites. Indeed, a few sites bought gilts 
from a PRRSV-positive source or did not 
require any isolation period. On some sites, 
mature gilts may be introduced directly into 
the sow herd because no facilities specifi-
cally designed for isolation are available, or 
due to time limitations in meeting breeding 
targets. Even if purchased from a certified 
PRRSV-negative supplier, gilts should not 
be introduced directly into the sow herd, 
because there is still a risk of contamina-
tion before departure or during transport if 
vehicles are not washed or disinfected prop-
erly.28 For gilt deliveries, the back-to-back 
procedure can be used to lower the risk of 
PRRSV transmission between gilt supplier 
and commercial producer.29 Furthermore, a 
certificate testifying PRRSV-negative status of 
incoming gilts, combined with a quarantine 
for disease detection, should be required to 
reduce the risk of PRRSV introduction.30 In 
our study, although the length of the isolation 
period was sufficient for disease detection (≥ 
7 weeks), other essential criteria to insure its 
effectiveness were seldom met. A quarantine 
should be in a location separated from the 
main unit and operated with an AIAO pig 
flow.17,31,32 Diagnostic procedures to detect 
viremia or seroconversion were under-utilized 
and should also be performed shortly after 
delivery to confirm negative status at arrival 
and before entering gilts into the sow herd, 
since the absence of clinical signs does not 
guarantee the absence of infection.33

Several practices that may increase the risk of 
PRRSV circulation within positive breeding 

Table 1: Frequency distribution of gilt introduction strategies used for porcine 
reproductive and respiratory syndrome virus (PRRSV) in PRRSV-positive and 
PRRSV-negative breeding sites according to type of gilts purchased*

*    Cross-sectional study in breeding sites in a high (HD) and a moderate density (MD) 
area in Quebec, Canada, May 2005 to August 2008. Producers in the Fédération des 
producteurs de porcs du Québec database were contacted. For each site, a question-
naire on gilt replacement strategies was filled out during in-person interview with the 
owner or site manager. Tissues or blood samples were collected and PRRSV status was 
assessed by enzyme-linked immunosorbent assay or reverse-transcription polymerase 
chain reaction. Sites housing at least one pig positive by either test were classified as 
PRRSV-positive.

†    Self-replacement.
‡    Purchased from external source at a weight of < 95 kg.
¶    Purchased from external source at a weight of ≥ 95 kg.
§    Period without exposure to endemic PRRSV strain.
**  Period with exposure to endemic PRRSV strain.
††  Introduction of gilts into the same air space as sow herd, without isolation or 

acclimatization.
‡‡  Period with exposure to endemic pathogens (except PRRSV).

Gilt introduction  
strategies

Type of gilts purchased
None  

purchased† Immature‡ Mature¶ Total

n = 44 n = 34 n = 42 n = 120
PRRSV-positive sites (n = 102)
Self-replacement 37 0 0 37
Isolation§ 0 2 14 16
Acclimatization** 0 29 15 44
Introduction directly  
into the sow herd†† 0 0 5 5

Subtotal 37 31 34 102
PRRSV-negative sites (n = 18)
Self-replacement 7 0 0 7 
Isolation§ 0 0 3 3 
Acclimatization‡‡ 0 3 2 5 
Introduction directly  
into the sow herd†† 0 0 3 3

Subtotal 7 3 8 18

Some differences between the HD 
(354 pigs per km2)26 and MD areas (44 pigs 
per km2)26 were obtained. A lower median 
sow inventory (175 versus 230), a higher 
prevalence of PRRSV-positive sites (94% 
versus 74%) and a higher frequency of 
breeding sites practicing self-replacement 
(46% versus 25%) were observed in the HD 
compared to the MD area (P < .05). No 
other variable differed significantly between 
areas. Geographical distribution of PRRSV-
negative sites, PRRSV-positive sites exposing 
gilts to herd endemic or vaccine PRRSV 
strains, and PRRSV-positive sites not 

practicing exposure are presented for HD 
and MD areas in Figure 1. In the northern 
part of the MD area, a cluster of PRRSV-
negative sites (P = .01) in a 40-km radius 
was revealed in a grouping of eight sites, of 
which seven were PRRSV-negative (Figure 
1). In the same area and with a 15-km radius, 
a significant spatial cluster of PRRSV-
positive sites exposing gilts (P = .04) was 
also identified in a grouping of 13 sites, of 
which 12 exposed their gilts. No significant 
spatial cluster was identified in the HD area 
(Figure 1).
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sites were highlighted. Indeed, one third of 
the positive sites purchasing gilts from an 
external source did not attempt any acclima-
tization process, resulting in the entrance of 
non-immune subpopulations and potentially 
promoting PRRSV recirculation within the 
sow herd.17 Furthermore, when acclima-
tization was used, several basic principles 
were violated, compromising the efficacy 
and safety of the controlled process. Many 
factors might have influenced the success 
of gilt exposure, such as the type of “infec-
tious” sources (culled sows, dyspneic piglets, 
placenta, serum), the method of exposure 
(direct or indirect contact, inoculation), or 
on-farm dynamic of PRRSV transmission.18 
Location and pig flow during the exposure 
period should also be considered. On some 
sites, mature gilts were exposed to PRRSV-
endemic strains in a room adjacent to the 
sow herd, potentially causing accidental 
re-infection of the sow herd.13,34 Further-
more, the lack of AIAO pig flow observed 
during the process does not allow control 

Table 2: Frequency distribution of parameters regarding acclimatization process 
of gilts using contact with live animals in PRRSV-positive sites (n = 41 sites)*

*    Details of study described in Table 1.
†    Purchased from external source at a weight of < 95 kg.
¶    Purchased from external source at a weight of ≥ 95 kg.
ab    Within a row, values with different superscripts are significantly different (P < .05; 

Pearson exact chi-square test for categorical data or Wilcoxon rank exact sum test for 
continuous variables).

PRRSV = porcine reproductive and respiratory syndrome virus.

Parameters of acclimatization process
Immature† Mature¶

n = 27 n = 14
Exposure
Median (Q1-Q3) exposure time (weeks) 20 (16-24)a 7 (4-8)b

Cool-down
No. of sites with cool-down 12a 2a

Median (Q1-Q3) cool-down time (weeks) 12 (7-17)a 4 (2-7)a

Figure 1: Geographical distribution of swine breeding sites in the high density (HD) and moderate density (MD) areas accord-
ing to their porcine reproductive and respiratory syndrome virus (PRRSV) status and the use of voluntary gilt exposure to 
PRRSV herd endemic or vaccine strains. The background map represents the Province of Quebec, Canada, with the two 
selected areas along with major cities. Table 1 shows details of the study.

MD area
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of the duration and the end of the exposure 
period.18 Ideally, a timely and simultane-
ous exposure of all incoming gilts should 
be favored to determine more precisely the 
onset and duration of the cool-down period. 
This last step of the acclimatization process 
is essential to allow time for gilts to recover 
clinically, to develop adequate immune 
response, and to cease viral shedding before 
entering the sow herd.34 The length of cool-
down is therefore dependent on virus per-
sistence in infected animals. In fact, PRRSV 
has been isolated and identified by RT-PCR 
in tonsils up to 157 and 251 days post infec-
tion, respectively.10,35 Unfortunately, only 
one third of the sites performing acclimati-
zation by contact with live animals respected 
a cool-down period, and the length of the 
cool-down period was too short, especially 
for mature gilts.36 On most sites, no diag-
nostic procedures were used to monitor the 
success of the acclimatization process. This 
could lead to introduction of either sero-
negative gilts (failure of exposure) or viremic 
gilts (failure of cool-down), both scenarios 
being a threat to PRRSV control.

The regional impact of exposing gilts to 
PRRSV endemic strains through an inad-
equate acclimatization process or exposing 
them to commercial vaccine strains is not 
largely documented in the literature. PRRS 
virus endemic strains actively maintained 
within herds may contribute to the area 
spread of the virus between farms through 
aerosols, insects, vehicles, or other fomites 
in the absence of proper biosecurity.6,8,28,37 
Furthermore, considering that vaccine 
strains can be shed, can persist in vaccinated 
animals, and can be transmitted to nonvac-
cinated pigs, their ability to circulate in the 
field also has to be considered.38-40 Dif-
ficulties in controlling PRRSV at the herd 
or regional level could also emerge from 
co-circulation of either wild-type or vaccine 
strains, since PRRSV is highly susceptible 
to mutations and even recombinations.41,42 
Regional approaches to PRRSV control 
should therefore take into account exposure 
to PRRSV strain(s) within individual breed-
ing sites. In the MD area, the presence of 
two spatial clusters, one with mainly nega-
tive sites and the other with sites practicing 
exposure to a wild-type or vaccine PRRSV 
strain, suggests the possibility of targeting 
smaller zones for interventions to facilitate 
disease control. In fact, whereas PRRSV-
negative areas should be protected from 
virus introduction, the method of gilt expo-
sure should be addressed for zones practicing 
exposure. In contrast, PRRSV management 

in the HD area could be seriously impeded 
due to the greater density and proximity of 
sites which increase the probability of area 
spread, the higher prevalence of disease, and 
the random distribution of negative sites and 
of positive sites either practicing voluntary 
exposure or not doing so.

Assuming that some producers who could 
not be reached were out of business, we 
might have underestimated our participa-
tion rate. Nevertheless, the participation 
obtained improved the internal validity of 
the study, even if the total absence of selec-
tion bias cannot be warranted. Producers 
recorded on the Fédération des producteurs 
de porcs du Québec list from which the 
samples were selected were restricted to 
those having more than CaD $5000 annual 
income from agriculture. Gilt replacement 
strategies discussed in the current paper 
might not represent those used on sites with 
lower or higher pig inventory. This study 
also principally included commercial breed-
ing sites owned by independent producers 
located in two specific areas. Consequently, 
results should not be extrapolated to other 
areas or to multipliers or sites belonging to 
integrated systems that might have different 
introduction strategies due to the availability 
of external gilts and the facilities to imple-
ment these strategies.

A single interviewer performed all the 
questionnaires with people working directly 
on each site, and most questions referred 
to practices observed during the previous 6 
months, minimizing recall bias. However, 
some misclassification bias regarding the 
PRRSV status of suppliers of replacement 
animals and the number of sources is pos-
sible, since responses given by the producers 
were not validated by gilt suppliers. Misclas-
sification regarding herd PRRSV status 
should be minimal, considering the high 
sensitivity and specificity of serological test-
ing (> 97% and > 99%, respectively).43 Due 
to the absence of a standardized definition of 
the various gilt-introduction strategies in the 
field, definitions were set a priori. Descrip-
tive results regarding the strategies are 
therefore conditional on the previous clas-
sification. Most discussion about practices 
that potentially risk re-circulating PRRSV 
within the sow herd pointed out gaps in the 
acclimatization process. However, since the 
project did not aim to evaluate the effect of 
every gilt introduction strategy on within-
herd viral circulation, other strategies might 
also represent a certain risk. Finally, spatial 

analyses are conditional on the subset of par-
ticipating sites. According to the overall low 
standard of applying even basic principles of 
the acclimatization process, spatial cluster of 
PRRSV-positive sites practicing voluntary 
exposure might suggest higher potential for 
viral circulation and thus higher potential 
for infecting neighboring herds. However, 
additional studies are required in order to 
better quantify the impact of the acclimati-
zation process on the neighborhood.

In conclusion, this study identified specific 
issues regarding gilt replacement that could 
increase the probability of either introducing 
a PRRSV strain into a herd or promoting the 
circulation of an endemic strain. Acclimatiza-
tion, which should be an effective method 
for controlling PRRSV in a sow herd, was the 
most poorly applied gilt introduction strategy 
pertaining to basic principles, particularly 
for mature gilts. Voluntary exposure of gilts 
to either PRRSV herd-endemic or vaccine 
strains has to be considered in any targeted 
intervention to control the disease regionally. 
Producers have to be well informed about 
the steps and rules they should adhere to and 
be supervised by veterinarians in order to 
improve their success rates in stabilizing their 
herds and minimizing potential impact on 
the neighborhood.

Implications
•	 Under the conditions of this study, gilt 

replacement strategies may incorporate 
several weaknesses that should be 
addressed to facilitate PRRSV manage-
ment at the farm or regional level.

•	 Producers should be informed about 
acclimatization techniques and comply 
with the steps and rules for introducing 
gilts in order to improve the success rate 
of the procedure in the field and also to 
minimize the potential impact on the 
neighborhood.
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