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Background: Porcine reproductive and respiratory syndrome (PRRS) is a viral disease that has a major economic
impact for the swine industry. Its control is mostly directed towards preventing its spread which requires a better
understanding of the mechanisms of transmission of the virus between herds. The objectives of this study were to
describe the genetic diversity and to assess the correlation among genetic, Euclidean and temporal distances and
ownership to better understand pathways of transmission.

Results: A cross-sectional study was conducted on sites located in a high density area of swine production in
Quebec. Geographical coordinates (longitude/latitude), date of submission and ownership were obtained for each
site. ORF5 sequencing was attempted on PRRSV positive sites. Proportion of pairwise combinations of strains having
298% genetic homology were analysed according to Euclidean distances and ownership. Correlations between
genetic, Euclidean and temporal distances and ownership were assessed using Mantel tests on continuous and
binary matrices. Sensitivity of the correlations between genetic and Euclidean as well as temporal distances was
evaluated for different Euclidean and temporal distance thresholds. An ORF5 sequence was identified for 132 of the
176 (75%) PRRSV positive sites; 122 were wild-type strains. The mean (min-max) genetic, Euclidean and temporal
pairwise distances were 11.6% (0-18.7), 15.0 km (0.04-45.7) and 218 days (0-852), respectively. Significant positive
correlations were observed between genetic and ownership, genetic and Euclidean and between genetic and
temporal binary distances. The relationship between genetic and ownership suggests either common sources of
animals or semen, employees, technical services or vehicles, whereas that between genetic and Euclidean binary
distances is compatible with area spread of the virus. The latter correlation was observed only up to 5 km.

Conclusions: This study suggests that transmission of PRRSV is likely to occur between sites belonging to the same
owner or through area spread within a 5 km distance. Both should be considered in the perspective of prevention.
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Background

Porcine reproductive and respiratory syndrome (PRRS)
is a viral disease representing one of the most challen-
ging threats to swine industry. This disease has a major
economic impact, inducing late-term abortions, still-
births, mummified and weak piglets in breeding herds
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and respiratory disease, increased mortality rate and
poor growing performances in growing pigs [1,2].

PRRS is caused by a spherical, enveloped, single-
stranded and positive-sense RNA virus belonging to the
family of Arteriviridae within the genus Arterivirus and
the order Nidovirales [3]. An important genetic and
antigenic diversity of PRRSV strains is reported within
and among the European (EU) and North American
(NA) genotypes [4,5]. This extensive genetic diversity
seriously impairs PRRSV management, as only partial
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protective immune response is obtained after experi-
mental heterologous challenge [6-8]. Both modified-live
vaccines available at the time of the study were each
based on a single PRRSV strain. Consequently, control
of PRRSV is mostly directed towards preventing its
spread which requires a better understanding of the
mechanisms of transmission of the virus between herds.

The virus can be transmitted between herds through
several mechanisms, including introduction of infected
animals or semen [9-14]. Contaminated vehicles can also
serve as mechanical vectors to transmit the virus as they
can convey the virus on significant distances on their
wheels [15,16]. The proximity or high density of pig sites
in neighbourhood has been recognized as a risk factor
for PRRSV, which might involved a local transmission by
aerosols, insects and avian species [10,17-22]. Fomites
as boots, coveralls or other equipments conveyed by
people can contribute as well to area spread of PRRSV
[17,23,24].

Based on the premise that PRRSV strains sharing a
high level of homology is suggestive of a common source
of infection, molecular epidemiology can help improving
our understanding of mechanisms of PRRSV dispersion
over space and time [25,26]. The objectives of this study
were to describe the genetic diversity observed for
PRRSV according to some characteristics of production
sites and to assess the correlation between genetic,
Euclidean and temporal distances and ownership to sug-
gest different pathways for PRRSV transmission in a
high density area of swine production.

Methods

Study design, data collection and laboratory analyses

A cross-sectional study was conducted in the Montere-
gie administrative region in the province of Quebec,
Canada, between February 2005 and June 2007. Within
this region, a high density area (HD) was purposely tar-
geted for a larger project on transmission and control of
PRRSV, and corresponded to 10 adjacent municipalities
covering approximately a 20 km-radius area [27] with
354 pigs/km2 [28]. A site was defined as one or more
units located within 300 m from another, belonging to
the same owner (individual or corporate), and having
the same animal source(s). In order to select all sites
located in the HD area, all producers listed into the
Quebec Federation of Pork Producers (FPPQ) database
were contacted. Participation was obtained through a
voluntary basis. The participation percentage among
contacted producers for the larger project was 77% [27].
All sites of each participating producer were included in
the study. Data were gathered on different herd and
neighbourhood characteristics of the sites and geograph-
ical coordinates (latitude/longitude) were obtained using
global positioning system (GPS). Among participating
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sites, 176 were considered as PRRSV positive (see [29]
for methodological details). For those sites, open reading
frame 5 (ORF5) sequencing was attempted on tissue
(pooled lungs, tonsils, and tracheobronchial lymph
nodes) or sera, depending on clinical history of the herd
[29]. PCR products were purified before sequencing with
Qiaquick spin kit (Qiagen). Sequencing of ORF5 was
done on both directions of PCR products using amplifi-
cation primers with BigDye terminator on ABI PRISM
310 Genetic analyzer (Applied Biosystems Canada,
Streetsville, Ontario, Canada). All diagnostic procedures
were done at the Faculty of Veterinary Medicine of the
University of Montreal in St. Hyacinthe. The procedures
were approved by the Comité d’éthique de I'utilisation
des animaux of the University of Montreal (certificate
number: 09-rech-1291).

Statistical analyses

ORF5 sequences having >98% pairwise homology with
MLV (Ingelvac® PRRS MLV or ReproCyc® PRRS-PLE,
Boehringer Ingelheim, (Canada) Ltd.) or ATP (Ingelvac®
PRRS ATP, Boehringer Ingelheim, (Canada) Ltd.) com-
mercial vaccines strains were excluded from further
analyses whereas the remaining sequences were consid-
ered as wild-type strains.

Calculation of various distances

For each pair of sites, the genetic, Euclidean, temporal
and ownership distances were calculated. Pairwise gen-
etic distances were defined as the percentage of homolo-
gous nucleotides between sequences. It was calculated
from nucleotides using Juke and Cantor substitution
model in Bionumerics software (Applied Maths Inc., ver-
sion 6.5, Austin, TX, USA), following a pairwise align-
ment of ORF5 sequences. For the Euclidean distances,
geographical coordinates (latitude/longitude) of the sites
were transformed in metric units using Quebec Lamber
Conic Conform projection in ArcInfo (Esri, version 9.3,
Redlands, CA, USA). Pairwise Euclidean distances
between sites were then calculated in SAS (SAS Institute
Inc. version 9.1, Cary, NC, USA) using the projected
coordinates [30]. Pairwise temporal distances were
defined as the number of days separating the sampling
of strains. Pairs of sites were classified as having the
same ownership if they were from the same independent
producer or integrated production system, and as having
different ownership otherwise.

Descriptive statistics

Descriptive statistics on herd characteristics were per-
formed in SAS. Means of genetic, Euclidean and tem-
poral pairwise continuous distances were calculated.
Number of pairwise combinations of strains having
>98% homology over total number of combinations was
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computed according to different Euclidean distance
thresholds (<5 km, 5 to <10 km, >10 km) and owner-
ship (same vs. different). The Euclidean distance thresh-
olds were defined according to the literature. Most
mechanisms of transmission acting on a local scale as
aerosols, insects, mammalian species and fomites are
more likely to occur at a distance of less than 5 km,
whereas transmission occurring at more than 10 km
apparently necessitates human interventions, since infec-
tious virus was not identified in aerosols at more than
9.1 km from a population source [22].

Correlation analysis

Bivariate Mantel tests for genetic, Euclidean, temporal
continuous distances and ownership were computed in
R (R Foundation for Statistical Computing, version 2.9,
Vienna, Austria) using vegan package and Pearson cor-
relation coefficient [31]. Bivariate Mantel tests were
also computed to assess the correlation between genetic,
Euclidean, temporal binary distances and ownership.
Dichotomization was performed as follows: genetic dis-
tance (298% vs. <98% homology), Euclidean distance
(<5 vs. >5 km), temporal distance (<1 vs. >1 month),
and ownership (same vs. different). Genetic homology
threshold for similar strains (=98%) was chosen accord-
ing to a previous molecular epidemiological study [11].
On binary matrices, significant correlations with genetic
distance were also evaluated after adjustment for other
distances using partial Mantel test. Correlations having
P-value <0.05 after 9999 permutations of matrices were
considered significant. In view of the discrepancy of the
correlations observed between genetic and Euclidean
distances when using continuous or binary matrices, the
sensitivity of results to the selection of different thresh-
olds was further investigated. The bivariate correlation
between genetic and Euclidean binary distances and
between genetic and temporal binary distances was
examined using Mantel test for thresholds ranging from
1 to 20 km by km and from 1 to 12 months by month,
respectively. Results were presented into correlograms
made in R. For each correlogram, the level of signifi-
cance for individual tests was adjusted using Bonferroni
procedure to account for multiple testing to obtain a
family level of significance of o =0.05 [32].

Results

An ORF5 sequence was identified for 132 out of the 176
(75%) infected sites. ORF5 sequences having >98% hom-
ology with MLV and ATP vaccines strains were observed
for seven and three sites, respectively. On these latter
sites, the use of commercial vaccination was confirmed
or highly suspected. Consequently, 10 sites composed of
two farrow-to-finish and eight weaners and/or finishers
operations were excluded from further analyses, the
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remaining 122 sequences being considered as wild-type
PRRSV strains. Table 1 described herd and neighbour-
hood characteristics of sites (n=122). Sites were mana-
ged by an independent producer or by an integrated
company on 65% and 35% of the sites, respectively.
The 43 integrated sites belonged to 8 companies, with
one owning 53% of these sites. Independently owned
sites (n=79) were managed by 60 different pro-
ducers; 45, 11 and 4 producers managing 1, 2 or 3 sites,
respectively. Production sites were attended by 23 differ-
ent veterinarians.

All wild-type ORF5 sequences belonged to the North
American genotype and most sequences (92%) had a
length of 603 bp with the exception of 7 strains present-
ing insertion (606 bp) or 3-base deletions (600 bp). The
mean (min-max) genetic, Euclidean and temporal pair-
wise distances were 11.6% (0-18.7), 15.0 km (0.04-45.7)
and 218 days (0—852), respectively. Among the 122 wild-
type PRRSV strains, 62 (51%) did not show any >98%
pairwise genetic homology with other (s) sequence (s),
34 (28%) showed this latter homology with one strain
only and 26 (21%) with more than one strain. Using
dichotomized distances, proportion of pairwise com-
binations of strains sharing >98% homology over total
number of combinations is reported in Table 2 accord-
ing to ownership (same vs. different) and Euclidean dis-
tance using different thresholds (<5 km, >5 to <10 km,
>10 km).

Bivariate correlations between genetic, Euclidean and
temporal continuous distances were computed on the
122 PRRSV wild-type strains using 7381 different pair-
wise combinations. Results are shown in Table 3. No sig-
nificant correlation was observed between genetic and
Euclidean continuous distances and between Euclidean
and temporal continuous distances (P >0.05). However,
positive correlations were identified between genetic
and temporal continuous distances and between genetic
continuous distance and ownership (P <0.01). Bivariate
correlations obtained using genetic (298%, <98% hom-
ology), Euclidean (<5, >5 km), temporal (<1, >1 month)
binary distances and ownership (same, different) are also
presented in Table 3. Significant correlations involving
genetic distances were marginally influenced by adjust-
ment for anyone of the other binary distances using the
Partial Mantel Test (Table 4).

Figure 1 shows a spatial correlogram of Mantel test
statistic (r,) obtained between binary matrices of genetic
and Euclidean distances for different Euclidean thresh-
olds. Significant positive correlations were observed up
to 5 km, whereas non significant correlations were noted
for any other higher thresholds (up to 40 km). Positive
correlations between genetic and temporal binary dis-
tances were observed for 11 months, being not signifi-
cant thereafter (Figure 2).



Lambert et al. BVIC Veterinary Research 2012, 8:76
http://www.biomedcentral.com/1746-6148/8/76

Page 4 of 8

Table 1 Characteristics of sites (n =122) where PRRSV wild-type ORF5 sequence was identified according to production

type
Characteristics of sites Breeding sites Growing sites
n=53 n=69
Categorical variables % %
Production type
Farrowing-to-wean 15 -
Farrow-to-grow 6 -
Farrow-to-finish 79 -
Weaners - 16
Weaner-to-finish - 14
Finishers - 70
Ownership
Independent producer 92 43
Contract producer 8 57
Distance from public road
>300 m 6 22
<300 m 94 78

Continuous variables

median (Q1-Q3)
median (Q1-Q3)
median (Q1-Q3)

Number of productive sows
Total number of animals®

Distance from closest pig site (m)°

185 (136-300) -
1350 (891-2020) 1550 (1000-2450)
400 (220-610) 409 (200-1000)

2 Including gilts, sows, weaners and finishers if present on site, ® Approximated by the producer.

Discussion

The mean pairwise genetic distance among PRRSV
strains was considerable (11.6%), which is almost the
double of the 6.5% genetic diversity obtained for 55
sequences submitted by 48 farms from the Midwest of
United States [26]. The maximum genetic distance also
exceeded the 12% mentioned in another report using
sequences from 62 individual farms belonging to a single
pork-producing company in South Dakota [25]. These
latter studies were conducted on a small number of sites
and it was not reported whether vaccine-like strains
were included in their computations which could have
contributed to lower the mean and extent of genetic
diversity. Surprisingly, for the small geographical and

Table 2 Number of pairwise combinations with >98%
genetic homology for PRRSV ORF5 over total number of
combinations (%) according to Euclidean distance
between sites and herd ownership (122 sequences)

Euclidean distance Ownership Total
Same Different
<5 km 8/50 (16.0%) 7/785 (0.9%) 15/835 (1.8%)
>5 to <10 km 8/83 (9.6%) 5/1453 (0.3%) 13/1536 (0.8%)
>10 km 9/174 (52%)  20/4853 (04%) 29/5010 (0.6%)
Total 25/307 (8.1%)  32/7074 (0.5%) 57/7381 (0.8%)

temporal frames, our results were rather closed to the
12.5% average pairwise diversity obtained in phylogenetic
analyses of 8624 ORF5 sequences gathered world-wide
from the North American, Asian and European conti-
nents and over more than 15 years [33]. The extent of

Table 3 Bivariate correlations between genetic, Euclidean
and temporal distances and herd ownership computed
with Mantel test procedure (122 PRRSV ORF5 sequences)

Distance Distance 5] P-value®
variable 1 variable 2

Genetic® Ownership® 0.07 001
Genetic* Euclidean® —-0.008 0.56
Genetic* Temporal® 0.11 <001
Euclidean® Temporal® —-0.009 058
Genetic® Ownership? 0.17 <001
Genetic® Euclidean’ 0.04 <001
Genetic® Temporal® 0.06 <001
Temporal? Euclidean' 0.02 0.05
Temporal® Ownership? 0.05 <001
Euclidean’ Ownership? 0.03 0.03

2 Mantel R test statistic using a Pearson correlation coefficient, ® P-value
obtained with 9999 Monte Carlo simulations, < Continuous distance, ¢ 0: same,
1: different, © 0: >98%, 1: <98% homology, © 0: <5 km, 1: >5 km, 9 0:

<1 month, 1: >1 month.
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Table 4 Correlations between genetic, Euclidean and
temporal binary distances and ownership computed
with Partial Mantel test procedure (122 PRRSV ORF5
sequences)
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L]
009 [
[e]

0.08

P<=0.004
P>0.004

Distance Distance Distance m P-value®

variable 1 variable 2 variable 3

Genetic® Euclidean® Ownership® 004 <001
Temporal® 0.04 0.02

Genetic® Ownership® Euclidean? 017 <001
Temporal 0.17 <0.01

Genetic® Temporal Euclidean® 0.06 <0.01
Ownership® 0.05 <001

2 Partial Mantel R test statistic using a Pearson correlation coefficient, ® P-value
obtained with 9999 Monte Carlo simulations, © 0: >98%, 1: <98% homology,
d0: <5 km, 1: >5 km, © 0: same, 1: different, f 0: <1 month, 1: >1 month.

genetic diversity certainly adds to the complexity of
PRRSV management [6]. However, its impact on PRRSV
regional control feasibility is difficult to assess since pre-
vious initiatives did not report such diversity within their
targeted zone [34-36].

A correlation between genetic distance and ownership
was observed, which to the best of our knowledge has
never been explored before. About 16 times more pair-
wise combinations of strains sharing >98% homology
were observed for sites having the same owner com-
pared to those having different owners (Table 2). Results
were also corroborated by the Mantel tests showing that
sites managed by same owner globally had more often
>98% homology, even when adjusting for Euclidean
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Figure 1 Correlogram showing Mantel r statistic computed

on binary matrices of genetic (>98%, <98% homology) and
Euclidean distances for different thresholds (km). Results from
7381 different pairwise combinations of 122 PRRSV ORF5 sequences.
Dark dots indicate significant correlation (P <0.003) after 9999
permutations of matrices.

0.07 |

005 | °

0.04 Y

Mantel r statistic

003 |
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0.00
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Figure 2 Correlogram showing Mantel r statistic computed

on binary matrices of genetic (>98%, <98% homology) and
temporal distances for different thresholds (month). Results
from 7381 different pairwise combinations of 122 PRRSV ORF5
sequences. Dark dots indicate significant correlation (P < 0.004) after
9999 permutations of matrices.

distance (Tables 3 and 4). It suggests a common source
of animals or semen [9-11]. Common employees or
personnel from technical services could also convey the
virus between sites on different fomites such as boots,
coveralls or vehicles [15,23,24]. As the exact source of
pigs for each site was not available, the variable owner-
ship was our best asset to examine the correlations but
it resulted in difficulties in identifying precisely the
mechanism(s) involved behind the concept of ownership.
For independent producers, multi-site production sys-
tem designed for early segregated weaning [37] would fit
the assumption of a common animal source. In contrast,
the use of ownership oversimplified the pyramidal struc-
ture of integrated systems.

Similarly to other results [26], we did not observe any
correlation between genetic and Euclidean distance with
continuous matrices. However, a significant correlation
was found with binary distances. As the Mantel test is
based on a linear correlation, a nonlinear relationship
may be lost using that technique [38]. Therefore, a sig-
nificant correlation limited to a particular scale might be
diluted by inclusion of other distances leading to an
overall absence of relationship. With binary distances,
two to three times more combinations of strains having
298% homology were observed in pairs of sites located
at <5 km from each other compared to others with dis-
tances >5 km, and this association was supported by the
Mantel using binary distances (Tables 2, 3 and 4). Area
spread which is possibly involved behind this relation-
ship represents between-herd transmission occurring
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without any pig contact, but rather through several path-
ways of transmission: aerosols (up to 9.1 km), houseflies
(up to 2.3 km), mosquitoes and potentially, other mam-
malian or avian mechanical vectors [11,20-22,39-41].
Vehicles and inert fomites such as boots, coveralls or
other equipments conveyed by people combined with
absence of biosecurity measures could contribute as well
to area spread of PRRSV [15,17,24]. Area spread has
been frequently suspected among herds having similar
strains in Quebec as well as in different states in United
States [11,25,39]. Results from sensitivity analysis sup-
ported the 5 km threshold previously chosen; correlation
between genetic and Euclidean distances decreasing rap-
idly and almost linearly up to 5 km, to become not sig-
nificant thereafter (Figure 1). Virus survival might
explain the decrease of the strength as greater Euclidean
distances favour longer exposure to adverse environmen-
tal conditions. Vulnerability of PRRSV to ultraviolet
light, level of humidity and high temperature is demon-
strated [42-44].

The positive correlation observed between genetic and
temporal distances is compatible with genetic evolution
of the virus in the area over a two year period of obser-
vation and was also reported by others [26]. Interest-
ingly, when examining the temporal correlogram
(Figure 2), the relationship was more linear than the one
for genetic and Euclidean distances, which might explain
that correlations were significant for both continuous
and binary matrices of distances. According to the ability
of the virus to mutate over time and considering that
new viruses can be introduced into the area through ani-
mal sources or transportation, a certain level of evolu-
tion of the viruses present in the area is expected. The
correlation between genetic and time decreased slowly
and was observed up to 11 months, indicating that virus
populations are changing over time but that certain
viruses might persist on the territory over about 1 year.
The time frame for which sequences were obtained was
quite large. It could partially explain the low frequency
of homologous PRRSYV strains observed on the territory.
Indeed, compared to short time interval between sam-
pling time, large intervals could have lead to an
increased possibility of new virus introduction or to mu-
tation of the virus within herds. Because of the cross-
sectional design, the sampling time did not necessarily
correspond to the moment of virus introduction on the
site and consequently the real temporal process of trans-
mission between farms could not be assessed.

This study attempted to include all sites located in a
restricted geographical scale to obtain more precision in
exploring area spread compared to other studies [25,26].
However, some producers did not want to participate
in the survey whereas others could not be contacted.
The fairly good participation rate (77%) improved the
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internal validity of the study, but total absence of selec-
tion bias was impossible to assess. Moreover, underesti-
mation of our participation is possible as some unreached
producers might have been out of business. Even if the
sampling strategy used on sites with PRRS history was
performed in order to maximize the probability of identi-
fying a PRRSV strain, it was not possible to identify a
sequence for 25% of the PRRSV positive sites. Whether
the exclusion of the latter sites influences the estimate of
genetic diversity cannot be determined. Furthermore, only
one PRRSV strain was identified per site, assuming the
existence of a sole viral strain or at least obtaining the
predominant strain. Although not frequently reported,
more than one strain can co-exist on a site [11,45]. Ana-
lyses were performed using ORF5 gene based on its high
genomic variability and its widely use for molecular epi-
demiology studies on North American PRRSV strains or
in studies assessing the extent of genetic diversity
[25,46,47]. However, ORF5 gene is only a part of the
whole 15 000 kb genome [48] and it could be interesting
to compare results when using the entire genome rather
than just ORF5 for this kind of analyses. Also, more
than 50% of strains gathered in this restricted geographic
area did not show any homology of >98% with other
strains. These findings suggest that additional investiga-
tions using different geographical boundaries would allow
the study of other mechanisms of transmission acting on
a larger scale and involving human intervention such as
pig transportation.

Conclusions

The study brought useful information regarding PRRSV
epidemiology in a perspective of prevention. Results sup-
port the concept of area spread and also highlighted
the role of ownership in viral transmission through dif-
ferent potential mechanisms such as common personnel,
vehicles and source of animals.

Competing interests
The authors declare that they have no competing interests.

Acknowledgments

The authors would like to acknowledge the Fonds québécois de la
recherche sur la nature et les technologies (FORNT) for a scholarship to the
first author and the Fédération des producteurs de porcs du Québec (FPPQ),
the Conseil pour le développement de I'agriculture du Québec (CDAQ), the
Centre d'insémination porcine du Québec (CIPQ) and many other swine
industry partners for project funding. Special thanks to practicing
veterinarians for encouraging producers to participate in the study and to
the molecular diagnostic laboratory of the Faculty of Veterinary Medicine of
the University of Montreal. The authors would like to acknowledge the input
from Benjamin Delisle. Finally, our extended thanks to all producers for their
time and interest towards the project.

Author details

'Faculty of Veterinary Medicine, University of Montreal, St. Hyacinthe,
Quebec, Canada. “Department of Population Medicine, Ontario Veterinary
College, University of Guelph, Ontario, Canada.



Lambert et al. BVIC Veterinary Research 2012, 8:76
http://www.biomedcentral.com/1746-6148/8/76

Authors’ contributions

MEL participated in the design of the study, collected all data, performed the
statistical analyses, interpreted data and wrote the initial draft of the
manuscript. JA provided valuable expertise and support on statistical
analyses, participated in data interpretation and critically reviewed the
manuscript. ZP provided valuable expertise and support on statistical
analyses, and participated in data interpretation. SD participated in the
design of the study and data interpretation and helped to draft the
manuscript. All authors read and approved the final manuscript.

Received: 23 September 2011 Accepted: 22 May 2012
Published: 7 June 2012

References

1.

Christianson WT, Joo HS: Porcine reproductive and respiratory syndrome
virus: a review. J Swine Health Prod 1994, 2:10-28.

Neumann EJ, Kliebenstein JB, Johnson CD, Mabry JW, Bush EJ, Seitzinger
AH, Green AL, Zimmerman JJ: Assessment of the economic impact of
porcine reproductive and respiratory syndrome on swine production in
the United States. J Am Vet Med Assoc 2005, 227:385-392.

Cavanagh D: Nidovirales: a new order comprising Coronaviridae and
Arteriviridae. Arch Virol 1997, 142:629-633.

Kapur V, Elam MR, Pawlovich TM, Murtaugh MP: Genetic variation in
porcine reproductive and respiratory syndrome virus isolates in the
midwestern United States. J Gen Virol 1996, 77:1271-1276.

Wensvoort G, de Kluyver EP, Luijtze EA, den Besten A, Harris L, Collins JE,
Christianson WT, Chladek D: Antigenic comparison of Lelystad virus and
swine infertility and respiratory syndrome (SIRS) virus. J Vet Diagn Invest
1992, 4:134-138.

Meng XJ: Heterogeneity of porcine reproductive and respiratory
syndrome virus: implications for current vaccine efficacy and future
vaccine development. Vet Microbiol 2000, 74:309-329.

Lager KM, Mengeling WL, Brockmeier SL: Evaluation of protective
immunity in gilts inoculated with the NADC-8 isolate of porcine
reproductive and respiratory syndrome virus (PRRSV) and challenge-
exposed with an antigenically distinct PRRSV isolate. Am J Vet Res 1999,
60:1022-1027.

Cano JP, Dee SA, Murtaugh MP, Pijoan C: Impact of a modified-live
porcine reproductive and respiratory syndrome virus vaccine
intervention on a population of pigs infected with a heterologous
isolate. Vaccine 2007, 25:4382-4391.

Le Potier MF, Blanquefort P, Morvan E, Albina E: Results of a control
programme for the porcine reproductive and respiratory syndrome in
the French ‘Pays de la Loire’ region. Vet Microbiol 1997, 55:355-360.
Mortensen S, Stryhn H, Sogaard R, Boklund A, Stark KD, Christensen J,
Willeberg P: Risk factors for infection of sow herds with porcine
reproductive and respiratory syndrome (PRRS) virus. Prev Vet Med 2002,
53:83-101.

Larochelle R, D'Allaire S, Magar R: Molecular epidemiology of porcine
reproductive and respiratory syndrome virus (PRRSV) in Quebec. Virus Res
2003, 96:3-14.

Pesente P, Rebonato V, Sandri G, Giovanardi D, Ruffoni LS, Torriani S:
Phylogenetic analysis of ORF5 and ORF7 sequences of porcine
reproductive and respiratory syndrome virus (PRRSV) from PRRS-positive
Italian farms: a showcase for PRRSV epidemiology and its consequences
on farm management. Vet Microbiol 2006, 114:214-224.

Yaeger MJ, Prieve T, Collins J, Christopher-Hennings J, Nelson EA, Benfield D:
Evidence for the transmission of porcine reproductive and respiratory
syndrome (PRRS) virus in boar semen. J Swine Health Prod 1993, 1:7-9.
Christopher-Hennings J, Nelson EA, Hines RJ, Nelson JK, Swenson SL,
Zimmerman JJ, Chase CL, Yaeger MJ, Benfield DA: Persistence of porcine
reproductive and respiratory syndrome virus in serum and semen of
adult boars. J Vet Diagn Invest 1995, 7:456-464.

Dee SA, Deen J, Rossow K, Wiese C, Otake S, Joo HS, Pijoan C: Mechanical
transmission of porcine reproductive and respiratory syndrome virus
throughout a coordinated sequence of events during cold weather.
Can J Vet Res 2002, 66:232-239.

Dee SA, Deen J, Otake S, Pijoan C: An experimental model to evaluate the
role of transport vehicles as a source of transmission of porcine
reproductive and respiratory syndrome virus to susceptible pigs. Can J
Vet Res 2004, 68:128-133.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 7 of 8

Holtkamp D, Polson D, Wang C, Melody J: Quantifying risk and evaluating
the relationship between external biosecurity factors and PRRS-negative
herd survival. In Proceedings of the 41st American Association of Swine
Veterinarians (AASV) Annual Meeting: 6-9 March 2010; Omaha. Edited by
AASV.; 2010:109-113.

Pitkin A, Deen J, Otake S, Moon R, Dee SA: Further assessment of
houseflies (Musca domestica) as vectors for the mechanical transport
and transmission of porcine reproductive and respiratory syndrome
virus under field conditions. Can J Vet Res 2009, 73:91-96.

Otake S, Dee SA, Moon RD, Rossow KD, Trincado C, Pijoan C: Studies on
the carriage and transmission of porcine reproductive and respiratory
syndrome virus by individual houseflies (Musca domestica). Vet Rec 2004,
154:80-85.

Otake S, Dee SA, Rossow KD, Moon RD, Pijoan C: Mechanical transmission
of porcine reproductive and respiratory syndrome virus by mosquitoes,
Aedes vexans (Meigen). Can J Vet Res 2002, 66:191-195.

Zimmerman JJ, Yoon KJ, Pirtle EC, Wills RW, Sanderson TJ, McGinley MJ:
Studies of porcine reproductive and respiratory syndrome (PRRS) virus
infection in avian species. Vet Microbiol 1997, 55:329-336.

Otake S, Dee SA, Corzo C, Oliveira S, Deen J: Long-distance airborne
transport of infectious PRRSV and Mycoplasma hyopneumoniae from a
swine population infected with multiple viral variants. Vet Microbiol 2010,
145:198-208.

Otake S, Dee SA, Rossow KD, Deen J, Molitor TW, Pijoan C: Transmission of
porcine reproductive and respiratory syndrome virus by fomites (boots
and coveralls). J Swine Health Prod 2002, 10:59-65.

Pitkin A, Deen J, Dee SA: Further assessment of fomites and personnel
as vehicles for mechanical transport and transmission of porcine
reproductive and respiratory syndrome virus. Can J Vet Res 2009,
73:298-302.

Mondaca-Fernandez E, Murtaugh MP, Morrison RB: Association between
genetic sequence homology of porcine reproductive and respiratory
syndrome virus and geographic distance between pig sites. Can J Vet Res
2006, 70:237-239.

Goldberg TL, Hahn EC, Weigel RM, Scherba G: Genetic, geographical and
temporal variation of porcine reproductive and respiratory syndrome
virus in lllinois. J Gen Virol 2000, 81:171-179.

Lambert ME, Poljak Z, Arsenault J, D'Allaire S: Epidemiological
investigations in regard to porcine reproductive and respiratory
syndrome (PRRS) in Quebec, Canada. Part 1: biosecurity practices and
their geographical distribution in two areas of different swine density.
Prev Vet Med 2012, 104:74-83.

Ministere de I'Agriculture des Pécheries et de I'Alimentation du Québec
(MAPAQ): FLORA: Identification and registration of Quebec pig herds database
(data consulted in February 2010). Québec, Canada.

Lambert ME, Arsenault J, Poljak Z, D'Allaire S: Epidemiological
investigations in regard to porcine reproductive and respiratory
syndrome virus (PRRS) in Quebec, Canada. Part 2: prevalence and risk
factors in breeding sites. Prev Vet Med 2012, 104:84-93.

Everitt BS, Laudau S, Leese M: Cluster analysis. New York: Oxford University
Press; 2001.

Oksanen J, Kindt R, Legendre P, O'Hara B, Simpson GL, Solymos P, Stevens
HH, Wagner H: Community Ecology Package. 2009.

Neter J, Kutner MH, Nachtsheim CJ, Wasserman W: Applied linear statistical
models. United States: McGraw-Hill/Irwin; 1996.

Shi'M, Lam TT, Hon CC, Murtaugh MP, Davies PR, Hui RK, Li J, Wong LT,
Yip CW, Jiang JW, Leung FC: Phylogeny-based evolutionary,
demographical, and geographical dissection of North American type 2
porcine reproductive and respiratory syndrome viruses. J Virol 2010,
84:8700-8711.

Corzo CA, Mondaca E, Wayne S, Torremorell M, Dee S, Davies P, Morrison
RB: Control and elimination of porcine reproductive and respiratory
syndrome virus. Virus Res 2010, 154:185-192.

Batista L, Fernandez M, Miramontes J, Pliego R, Mondaca M: Advancing
PRRS area regional control in the state of Sonora, Mexico. In Proceedings
of the 21st International Pig Veterinary Society Congress: 18-21 July 2010;
Vancouver. Edited by D'Allaire S, Friendship B. 2010:274.
Mondaca-Fernandez E, Morrison RB: Applying spatial analysis to a porcine
reproductive and respiratory syndrome regional control programme.
Vet Rec 2007, 161:137-138.

D'Allaire S: Le sevrage précoce avec ségrégation des porcelets: 10 ans
aprés, ol en sommes-nous? Les experts nous répondent. Méd Vét Québec
2000, 20:210-213.



Lambert et al. BVIC Veterinary Research 2012, 8:76
http://www.biomedcentral.com/1746-6148/8/76

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

Legendre P, Legendre L: Numerical Ecology. Amsterdam: Elsevier Science B.V;
1998.

Lager KM, Mengeling WL, Wesley RD: Evidence for local spread of porcine
reproductive and respiratory syndrome virus. J Swine Health Prod 2002,
10:167-170.

Schurrer JA, Dee SA, Moon RD, Rossow KD, Mahlum C, Mondaca E, Otake S,
Fano E, Collins JE, Pijoan C: Spatial dispersal of porcine reproductive and
respiratory syndrome virus-contaminated flies after contact with
experimentally infected pigs. Am J Vet Res 2004, 65:1284-1292.

Hooper CC, Van Alstine WG, Stevenson GW, Kanitz CL: Mice and rats
(laboratory and feral) are not a reservoir for PRRS virus. J Vet Diagn Invest
1994, 6:13-15.

Bloemraad M, de Kluijver EP, Petersen A, Burkhardt GE, Wensvoort G:
Porcine reproductive and respiratory syndrome: temperature and pH
stability of Lelystad virus and its survival in tissue specimens from
viraemic pigs. Vet Microbiol 1994, 42:361-371.

Dee SA, Otake S, Deen J: An evaluation of ultraviolet light (UV,s,) as a
means to inactivate porcine reproductive and respiratory syndrome
virus on common farm surfaces and materials. Vet Microbiol 2011,
150:96-99.

Hermann J, Hoff S, Munoz-Zanzi C, Yoon KJ, Roof M, Burkhardt A,
Zimmerman J: Effect of temperature and relative humidity on the
stability of infectious porcine reproductive and respiratory syndrome
virus in aerosols. Vet Res 2007, 38:81-93.

Kim HK, Park SJ, Rho SM, Han JY, Nguyen VG, Park BK: One year’s study of
dynamic and evolution of types | and Il PRRSV in a swine farm. Vet
Microbiol 2011, 150:230-238.

Batista L, Pijoan C, Lwamba H, Johnson CR, Murtaugh MP: Genetic diversity
and possible avenues of dissemination of porcine reproductive and
respiratory syndrome virus in two geographic regions of Mexico. J Swine
Health Prod 2003, 12:170-175.

Zhou YJ, Yu H, Tian ZJ, Li GX, Hao XF, Yan LP, Peng JM, An TQ, Xu AT,
Wang YX, Wei TC, Zhang SR, Cai XH, Feng L, Li X, Zhang GH, Zhou LJ,
Tong GZ: Genetic diversity of the ORF5 gene of porcine reproductive
and respiratory syndrome virus isolates in China from 2006 to 2008.
Virus Res 2009, 144:136-144.

Dea S, Gagnon CA, Mardassi H, Pirzadeh B, Rogan D: Current knowledge
on the structural proteins of porcine reproductive and respiratory
syndrome (PRRS) virus: comparison of the North American and
European isolates. Arch Virol 2000, 145:659-688.

doi:10.1186/1746-6148-8-76

Cite this article as: Lambert et al.: Correlation among genetic, Euclidean,
temporal, and herd ownership distances of porcine reproductive and
respiratory syndrome virus strains in Quebec, Canada. BMC Veterinary
Research 2012 8:76.

Page 8 of 8

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Study design, data collection and laboratory analyses
	Statistical analyses
	Calculation of various distances
	Descriptive statistics
	Correlation analysis


	Results
	Discussion
	link_Tab2
	link_Tab3
	link_Tab1
	link_Fig1
	link_Fig2
	link_Tab4
	Conclusions
	Competing interests
	Acknowledgments
	Author details
	Authors&rsquo; contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48

