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Genetic, geographical and temporal variation of porcine
reproductive and respiratory syndrome virus in Illinois
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Porcine reproductive and respiratory syndrome virus (PRRSV) ORF5 gene sequences were
generated by RT–PCR from 55 field isolates collected in Illinois and eastern Iowa. Spatial and
temporal patterns of genetic variation in the virus were examined on a local geographical scale in
order to test the hypothesis that the genetic similarity of PRRSV isolates (measured as their
percentage pairwise ORF5 nucleotide similarity) was positively correlated with their geographical
proximity. Levels of genetic variability in the Illinois/eastern Iowa PRRSV sample were similar to
levels of variability seen across broader geographical regions within North America. The genetic
similarity of isolates did not correlate with their geographical distance. These results imply that the
movement of PRRSV onto farms does not generally occur via distance-limited processes such as
wind or wildlife vectors, but more typically occurs via the long-distance transport of animals or
semen. Genetic distances between PRRSV isolates collected from the same farms at different times
increased as the time separating the collection events increased. This result implies rapid
movement of new genetic types of PRRSV into and out of farms. PRRSV ORF5 displayed a pattern
of third-codon-position diversity bias that was not evident in a geographically comparable sample
of pseudorabies virus (a swine alphaherpesvirus) gC gene sequences. This result provides evidence
that PRRSV ORF5 is experiencing stabilizing selection against structural novelty. Despite high
genetic variability at all geographical levels, PRRSV ORF5 nevertheless contained potentially
antigenic regions that were invariant at the amino acid level. These regions should make effective
vaccine targets if they prove to be immunogenic.

Introduction
Porcine reproductive and respiratory syndrome is a highly

prevalent and economically important viral disease of swine
(Done et al., 1996 ; Zimmerman et al., 1997a). The causative
agent, porcine reproductive and respiratory syndrome virus
(PRRSV), is a member of the Arteriviridae (Conzelmann et al.,
1993 ; Meulenberg et al., 1993 ; Plagemann & Moennig, 1992),
which, along with the Toroviridae and Coronaviridae, make up
the order Nidovirales (de Vries et al., 1997). The single-
stranded, positive-sense RNA genome of PRRSV is approxi-
mately 15 kb in length, containing seven ORFs (Meulenberg et
al., 1993).
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AF176479–AF176495 (17 PrV partial gC gene sequences).

Genetic studies of PRRSV field isolates have documented
that the virus is highly diverse biologically. Despite similar
clinical manifestations, PRRSV isolates from Europe and North
America are immunologically distinct (Drew et al., 1995 ;
Wensvoort et al., 1992) and genetically divergent (Mardassi et
al., 1994 ; Murtaugh et al., 1995 ; Nelsen et al., 1999). Within
North America, isolates also show marked diversity, both
antigenically (Yoon et al., 1997) and genetically (Kapur et al.,
1996 ;Murtaugh et al., 1998). However, to date, the population-
genetic structure of PRRSV has not been studied on a local
geographical scale. It is currently unclear whether local variants
of PRRSV exist, or whether PRRSV genetic variation is
distributed evenly within North America or Europe.

Examining the genetic structure of PRRSV on a finer
geographical scale than has previously been attempted is
important for two reasons. Firstly, the existence of local
variants of PRRSV would have immediate implications for
control of the disease. For example, it would indicate that
vaccines developed against type strains of the virus may not be
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widely effective. It would also imply that integrated disease
control strategies may need to be ‘ custom tailored ’ to specific
areas. Secondly, geographically focused studies of PRRSV
genetics have the potential to elucidate patterns of spread of
the virus across the landscape. PRRSV is persistently shed in
semen (Christopher-Hennings et al., 1995 ; Swenson et al.,
1994). The shipment of semen for artificial insemination may
therefore be an important mode of transmission of PRRSV
between farms (Swenson et al., 1995 ; Yeager et al., 1993).
Alternatively, PRRSV may travel between farms even in the
absence of human intervention. Zimmerman et al. (1993,
1997b) have shown that PRRSV-infected waterfowl carry and
shed live infectious virus, implying that PRRSV may travel
between farms in animal vectors. It also has been suggested
that airborne transmission is important for the spread of
PRRSV between nearby farms (De Jong et al., 1991 ; Komjin et
al., 1991 ; Le Poitier et al., 1995). A positive association
between the genetic similarity of PRRSV isolates and their
geographical proximity would support the hypothesis that
distance-limited processes (e.g. vectors, wind) are important
for the spread of PRRSV. The absence of such an association
would support the hypothesis that the spread of PRRSV results
primarily from human intervention.

This report describes the first investigation of PRRSV
genetic variability on a local geographical level. Specifically, it
examines the population-genetic structure of 55 PRRSV
isolates collected from Illinois and eastern Iowa. It first
describes the pattern of overall genetic diversity in this local
sample and compares it with that of an expanded sample
containing isolates from diverse geographical regions within
North America. It next describes associations between the
genetic, geographical and temporal similarity of isolates,
inferring from them patterns of spread of the virus across the
local landscape over space and time.

Methods
+ PRRSV isolates (n¯ 62) were obtained from the Illinois Animal
Disease Laboratories in Galesburg, IL, USA. Samples had been submitted
by veterinarians for diagnostic testing between 15 April 1997 and 1 July
1998. Clinical information, including the farm of origin and date of
submission, accompanied each sample. All submitting veterinarians were
contacted by telephone to confirm the locations of farms. Locations of
farms (exact longitudes and latitudes) were obtained from street addresses
by using maps and geographical databases at the Illinois Geological
Survey. Locations of farms were plotted by using the computer program
MapInfo (MapInfo Corp., Troy, NY, USA). Distances between farms
were calculated directly from longitudes and latitudes by using the
computer program The R Package (Legendre & Vaudour, 1991).

Each PRRSV isolate was propagated on MARC-145 cells (Kim et al.,
1993). RT–PCR was then performed directly on the virus isolates without
additional steps to extract RNA. For the few samples that did not show
a visible product by using this method (n¯ 6), total RNA was isolated
by using TRIZOL reagent (Gibco BRL) and RT–PCR was subsequently
performed to obtain a DNA product.

The ORF5 gene was selected for this study because of its documented

high variability among field isolates within the United States (Kapur et al.,
1996). Two primers were designed on the basis of published PRRSV gene
sequences. Primers 3F (5« GAGACCATGAGGTGGGCAAC 3«) and 5R
(5« CGCCAAAAGCACCTTTTGT 3«) anneal to the genome at locations
approximately 40 bases up- and downstream of the ORF5 gene,
respectively. Primer 5R was used for RT and both primers were used for
the subsequent PCR and sequencing. RT was performed by using primer
5R and SuperScript II reverse transcriptase (Life Technologies) according
to the recommendations of the manufacturer. PCR was performed on 2 µl
of the RT reaction mixture in a buffer containing 10 mM Tris–HCl,
pH 8±3, 50 mM KCl, 1±5 mM MgCl

#
, 0±2 mM dNTPs, 0±2 pM each of

primer 3F and 5R and 2±5 U AmpliTaq Gold DNA polymerase (Perkin
Elmer) in a volume of 50 µl. After an initial incubation at 95 °C for 8 min,
the reactions were subjected to 35 cycles of PCR as follows : 95 °C for
1 min, 59 °C for 1 min and 72 °C for 1 min followed by a terminal 6 min
extension at 72 °C and an indefinite soak at 4 °C. The products were
subjected to electrophoresis in 1% SeaPlaque low-melting-point agarose
gels (FMC BioProducts). The 720 bp PCR product was purified from the
gel by using QiaQuick gel extraction kits (Qiagen) and was then
submitted for automated fluorescent sequencing at the University of
Illinois Biotechnology Center. All products were sequenced in both
directions with primers 3F and 5R. Ambiguous bases were resolved by
repeated sequencing of both DNA strands.

All newly generated sequences were aligned by hand with published
North American PRRSV sequences. The North American sequences were
aligned with the European PRRSV reference sequence by using the
CLUSTAL W computer program (Thompson et al., 1994). All alignments
were confirmed manually and by comparison with deduced amino acid
sequences.

Seventeen pseudorabies virus (PrV) partial gC gene sequences from
Illinois were also included in this study for comparative purposes. These
PrV isolates are described elsewhere (Scherba et al., 1999). PCR of a
788 bp portion of the 3« end of PrV gC was conducted with primers 1L
(5« GAAGGGCTCACCGAAGAGGAC 3«) and 2U (5« GTTTCCTG-
ATTCACGCCCACGC 3«) in a buffer containing 10 mM Tris–HCl, pH
8±3, 50 mM KCl, 1±5 mM MgCl

#
, 0±2 mM dNTPs, 0±4 pM each of primer

1L and 2U, 10% glycerol and 0±25 U AmpliTaq Gold DNA polymerase
in a volume of 50 µl. After an initial incubation at 95 °C for 6 min, the
reactions were subjected to 35 cycles of PCR as follows : 95 °C for 1 min,
68 °C for 1 min and 72 °C for 1 min followed by a terminal 6 min
extension at 72 °C and an indefinite soak at 4 °C. PCR products were
purified and sequenced by using primers 1L and 2U as described above.

To detect quantitative associations between genetic and geographical
distance, genetic distances (proportions of differing nucleotide positions)
were compared with geographical distances (km) between all pairs of
sequences in the Illinois}eastern Iowa sample. Also included in these
analyses were all pairwise temporal distances between sequences (days
separating the submission of isolates), with the expectation that time of
isolation may be a confounding variable. Bivariate and partial Mantel
tests of matrix correlation (Mantel, 1967) were conducted for this
purpose by using the computer program The R Package (Legendre &
Vaudour, 1991). The methodology of Smouse et al. (1986) was used, with
a standardized form of the Mantel Z statistic (r) and probabilities
computed from 10000 random permutations of the matrices (Hope,
1968). Spatial autocorrelation analysis was performed by using the
computer program AIDA (Bertorelle & Barbujani, 1995) with great-circle
geographical distances and with 95% confidence intervals calculated by
using 1000 random permutations of the data. Phylogenetic and bootstrap
analyses were performed by using the computer programs PHYLIP
(Felsenstein, 1990) and MacClade (Maddison & Maddison, 1992). All
statistical results were considered significant at the P¯ 0±05 level.
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Results
A total of 55 PRRSV ORF5 sequences were generated,

representing 48 farms in 28 Illinois counties and two locations
in eastern Iowa (Fig. 1). Information on the dates of sample
collection and the locations of farms was obtained for all 55
isolates sequenced and for an additional seven isolates that
were not sequenced. Within the sample, ORF5 displayed
considerable genetic variation ; 227}603 (37±7%) of the nucleic
acid positions were polymorphic, as were 77}201 (38±3%) of
the deduced amino acid positions.

Table 1 presents codon-position-specific genetic diversity
measures for the 55 ORF5 sequences from Illinois and eastern
Iowa. For purposes of comparison, analogous genetic diversity
measures for the 17 wild-type PrV gC gene partial DNA
sequences from Illinois were included. PrV is an alpha-
herpesvirus of swine and the gC gene, like the ORF5 gene of
PRRSV, encodes an immunologically important N-glyco-
sylated transmembrane protein (Ben-Porat et al., 1986 ; Zucker-
mann et al., 1990).

PRRSV ORF5 in Illinois was approximately seven times
more variable than PrV gC in Illinois at the nucleic acid level
(Table 1). This difference was also reflected at the structural
level ; PRRSVORF5was approximately six timesmore variable
than PrV gC in its amino acid sequence.

Fig. 1. Map of Illinois showing the locations of farms from which PRRSV
isolates were obtained. Filled circles represent farms from which both
PRRSV ORF5 RNA sequences and dates of collection were obtained. Open
circles represent farms for which dates of sample collection, but not RNA
sequences, were obtained.

Table 1. Comparative genetic diversity of PRRSV and PrV

The data consisted of 55 PRRSV ORF5 sequences, including 53 from
Illinois and two from eastern Iowa, generated in the present study, and
17 newly generated PrV partial gC gene sequences from Illinois.
Pairwise genetic differences (% nucleotide diversity), given as
means³SEM for each estimate, were calculated according to Nei
(1987).

Residues analysed n
Variable
positions

Genetic diversity
(%)

PRRSV ORF5
Codon position 1 201 51 4±10³0±63
Codon position 2 201 54 4±96³0±73
Codon position 3 201 122 10±62³1±42
All nucleotides 603 227 6±51³0±78
Amino acids 201 76 7±82³1±08

PrV gC
Codon position 1 262 9 0±74³0±90
Codon position 2 263 13 0±93³0±99
Codon position 3 263 11 0±81³0±93
All nucleotides 788 34 0±91³0±56
Amino acids 262 17 1±39³1±20

The patterns of codon-specific genetic diversity also
differed between PRRSV ORF5 and PrV gC. PRRSV ORF5
showed a significant diversity bias at the third codon position,
whereas PrV gC did not (Table 1).

Seventeen additional ORF5 sequences obtained from the
literature (Collins, 1998 ; Kapur et al., 1996 ; Meng et al., 1995 ;
Meulenberg et al., 1993) were analysed to compare the genetic
structure of PRRSV ORF5 in the Illinois}eastern Iowa sample
with that from a wider geographical area. These published
sequences represent virus isolates collected from locations as
far south as Kansas and as far north as Que! bec. The nucleotide
diversity of the 16 North American isolates in this sample (all
codon positions included) was 8±41³2±02%. This was not
significantly different from the nucleotide diversity of the 55
samples from Illinois and eastern Iowa (6±51³0±78%; Table 1).

Fig. 2 shows a phylogenetic tree constructed from the 55
Illinois}eastern Iowa sequences and the 17 published ORF5
sequences. In this tree, all North American sequences clustered
apart from the European type strain (Lelystad). Within the
North American isolates, two major clades appeared. The first
clade (from the ‘Prime Pac vaccine ’ sequence to isolate ‘ ISU55 ’
on Fig. 2) was genetically diverse and consisted of sequences
from Illinois, other midwestern states and Canada and the
Prime Pac vaccine (Schering–Plough) sequence. The second
clade (from isolate ‘PPSKS1A’ to the bottom of the tree) was
less diverse and consisted primarily of the Illinois isolates,
interspersed with sequences from elsewhere, and the
RespPRRS vaccine (NOBL Laboratories Inc.) sequence. This
latter grouping was supported by a bootstrap value of 78%,

BHD



T. L. Goldberg and othersT. L. Goldberg and others

Fig. 2. Phylogenetic tree of PRRSV isolates. The tree was constructed by using the neighbour-joining algorithm of Saitou & Nei
(1987), a maximum-likelihood distance correction and a transition–transversion ratio of 3±4:1, estimated from the data. Names
of sequences generated in the present study begin with ‘PRRSV’ and are followed by the names of their county of origin within
Illinois. Branch lengths are proportional to genetic distance. Numbers below branches and to the right of indicated groupings
are bootstrap values (%) obtained from 100 bootstrap replicates of the data by using the computer package PHYLIP
(Felsenstein, 1985). Only bootstrap values &50% are shown.

indicating that this clade was reasonably well supported
statistically.

Fig. 3 shows the results of the Mantel tests of matrix
correlation, used for testing associations between genetic,
geographical and temporal similaritywithin the Illinois}eastern
Iowa sample. No significant relationship existed between
genetic distance and either geographical distance or temporal

distance for the isolates in this sample. A marginally significant
association did exist, however, between geographical distance
and temporal distance. In other words, isolates collected for
diagnostic testing at approximately the same times tended to
be geographically close to one another, irrespective of their
genetic similarity.

To detect the presence of any non-linear association
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Fig. 3. Relationships between genetic
distance, geographical distance and
temporal distance for Illinois and eastern
Iowa PRRSV isolates. Genetically identical
isolates from the same farm (n¯2) were
collapsed to avoid pseudoreplication.
Bivariate Mantel tests were conducted for
each pair of variables and are shown on
the outside of the triangle. Values on the
inside of the triangle represent partial
Mantel correlations between two
matrices, conditional on the value of the
third. Sample sizes vary due to missing
data.
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Fig. 4. Spatial autocorrelogram based on 55 PRRSV RNA sequences. An
autocorrelation index for DNA analysis (II) was calculated for each of nine
distance classes. Crosses represent the upper and lower 95% confidence
intervals around the null distribution of II at each distance class, calculated
by using 1000 random permutations of the data. Significant spatial
autocorrelation was not observed at any distance class.

between genetic and geographical distance ofORF5 sequences,
a spatial autocorrelogram was constructed (Fig. 4). No
significant spatial autocorrelation existed at any distance class.
Geographical proximity does not therefore significantly pre-
dict how genetically similar two PRRSV ORF5 sequences are
likely to be, regardless of their geographical distance.

A retrospective statistical-power analysis was performed to
determine the sensitivity of the correlation analyses described
above for detecting any association between geographical
proximity and genetic similarity of PRRSV isolates. Assuming
an alpha level of 0±05 (one-tailed), a statistical power of 0±8 and
a sample size of 55, it was calculated that the analyses
described above were sensitive enough to detect an effect of
geographical proximity on genetic similarity of 10±4% or
greater.

Within the major clades on the phylogenetic tree shown in
Fig. 2, some county-level clustering of PRRSV isolates was
observed (note, for example, the clustering of isolates PRRSV
17, 20, 21 and 23, all from Knox county). This implies that local
evolutionary diversification may in fact be occurring despite a
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Fig. 5. Pairwise genetic distance versus pairwise temporal distance
for 12 pairs of PRRSV isolates collected from the same farms at different
times. Farms were designated as farms 1 (D), 2 (E), 3 (*), 4 (+)
and 5 (^).

general pattern of geographical panmixis. To investigate this
possibility further, the tree in Fig. 2, based on genetic data, was
compared with an analogous tree (not shown) constructed
directly from a matrix of pairwise geographical distances
separating PRRSV isolates. Genetic changes (nucleotide
positions) were then mapped onto each tree by using the
computer program MacClade (Maddison & Maddison, 1992).
The length of each tree was calculated as the total number of
reconstructed nucleotide position changes along its branches.

The overall length of the phylogenetic tree constructed
from genetic distances was 565 nucleotide changes. This was
substantially less than the length of the tree constructed from
geographical distances (1120 nucleotide changes). By the
criterion of parsimony (Swofford & Olsen, 1990), the genetic
tree provided a markedly better explanation of the sequence
data than did the tree in which geographical clustering was
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Fig. 6. Genetic variability of the ORF5 protein. (a) The hydrophilicity score of each amino acid position in the ORF5 consensus
sequence is displayed and was calculated by using the algorithm of Hopp & Woods (1981) with an averaging group length of
six amino acid residues. Hydrophilic regions deviate in the positive direction. Asterisks (*) indicate the locations of putative
N-linked glycosylation sites. (b) Vertical bars indicate regions that are both hydrophilic (and thus potentially antigenic) and
invariant at the amino acid level. (c) The amount of amino acid variation along ORF5 is displayed for the 71 United States field
isolates analysed in this study (see Fig. 2). Bars represent the number of sequences differing from the consensus at each
position.

presumed. This phylogeny-based test therefore confirmed that
geographical sorting of PRRSV genotypes did not occur to an
appreciable degree in this dataset.

The Illinois}eastern Iowa sample contained 12 pairs of
isolates collected from the same farms at different times. This
enabled an examination of the relationship between genetic
distance and temporal distance for PRRSV ORF5 on these
farms. The results of this examination (Fig. 5) indicate that
diverse genetic types can exist simultaneously on a farm, as
shown by the large genetic difference between isolates
collected on farm 5. Nevertheless, samples from some farms
(e.g. farm 4) seemed comparatively homogeneous. Overall, as
time increases, farms are increasingly likely to harbour genetic
variants of PRRSV different from those they harboured
previously. This relationship was statistically significant
(Spearman’s r¯ 0±61 ; P¯ 0±043), although the validity of this
analysis is questionable since points represent pairwise com-
parisons and are not independent.

Finally, the distribution of genetic diversity across the
ORF5 protein was investigated for all 71 North American
sequences included in the previous phylogenetic analysis.
Together, these sequences contained 282}603 (46±1%) poly-
morphic nucleic acid positions and 94}201 (46±8%) poly-
morphic amino acid positions and had an overall nucleotide
diversity of 7±21³0±78%. Fig. 6 demonstrates that, despite the
high intrinsic variability of ORF5 within North American

isolates, there are, nevertheless, potentially antigenic protein
regions that are also genetically invariant at the amino acid
level. Statistically, these predicted antigenic regions were no
more genetically variable than were non-antigenic regions
(t¯ 0±84 ; P¯ 0±403).

Discussion
This study documents a high level of genetic variability in

the ORF5 gene of PRRSV isolates collected from Illinois and
eastern Iowa. The amount of genetic variability in this local
sample was not significantly different from that of a sample of
North American isolates from a much wider geographical area.
Phylogenetic analyses indicated that PRRSV isolates do not
generally sort into location-specific clades. In support of this
observation, no significant association was documented be-
tween the geographical proximity of PRRSV isolates and the
similarity of their ORF5 genes. Statistical-power analysis
indicated that distance-limited transmission and local evol-
ution, if they occur at all, could account for at most only 10±4%
of the variability in PRRSV genetic diversity observed in this
dataset.

These observations suggest that PRRSV does not typically
move between farms via distance-limited processes such as
wind or wildlife vectors. Despite the biological plausibility of
these modes of inter-farm transmission (Albina, 1997 ; Zimmer-
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man et al., 1997b), the movement of PRRSV isolates directly
from farm to nearby farm does not explain the geographical
pattern of genetic variability in this sample. Rather, the absence
of statistical association between geographical and genetic
distance suggests that PRRSV typically moves from farm to
farm via long-distance processes, such as the transport of
animals or semen. This conclusion is supported by the
observations of Weigel et al. (1998) that the purchase of semen
for artificial insemination significantly increases the risk that a
farm in Illinois will test positive serologically for PRRSV.

Some local evolution of PRRSV genotypes may, in fact, be
occurring, as suggested by the phylogenetic clustering of
certain PRRSV isolates at the county level on the tree in Fig. 2.
However, local evolution is an unparsimonious explanation of
the current distribution of PRRSV genetic types across the
landscape. A phylogenetic tree constructed from geographical
distances provided a substantially less parsimonious expla-
nation of the nucleotide sequence data than did a tree
constructed from genetic distances. This lack of evidence for
strong effects of local ORF5 evolution may indicate either a
lack of sufficient evolutionary time for such effects to manifest
themselves or a ‘ swamping ’ of local evolution by long-
distance mixing, or both.

Genetic similarity between pairs of PRRSV isolates, while
not correlated with geographical proximity, correlated posi-
tively with temporal proximity. Given the previous analyses,
this observation cannot be explained as a result of con-
centrically spreading ‘outbreaks ’ of PRRSV across the land-
scape. If such outbreaks were occurring, the relationships
between genetics and time and between genetics and ge-
ography would also have been positive and significant. The
documented positive relationship between geographical and
temporal distance could reflect the fact that veterinarians from
specific regions may diagnose PRRS or submit samples for
diagnostic testing more often at certain times than at others.
This, in turn, could result from local environmental factors that
precipitate simultaneous outbreaks.

This study documents that genetic distance increases with
temporal distance for pairs of PRRSV isolates collected from
the same farms at different times. This relationship could
potentially result from the in situ mutation and evolution of
PRRSV isolates on individual farms. Alternatively, time may
simply increase the likelihood that new variants of PRRSV will
arrive on a farm. Regardless of mechanism, rates of genetic
change appear to differ among farms, as do levels of initial
PRRSV genetic variability. PRRSV appears to be genetically
homogeneous over time on some farms (e.g. farm 4 in Fig. 5),
while being diverse on others (e.g. farms 3 and 5 in Fig. 5). The
reasons for these differences are unclear, but may reflect
differences in management practices on these farms. Accurate
quantification of this phenomenon will require longitudinal
sampling of PRRSV isolates collected from a larger number of
pre-selected farms.

Despite the high variability of PRRSV isolates within

regions and over time on individual farms, no evidence was
found that structural novelty in PRRSV ORF5 is under positive
selection. Antigenic regions of ORF5 were no more diverse
than non-antigenic regions. Third-codon-position changes
predominated in ORF5, as would be expected under stabilizing
selection (Li & Graur, 1991). This is in contrast to PrV gC,
which, despite lower overall variability, was as variable in its
first and second codon positions as in its third codon positions.
The overall difference in diversity between PRRSV and PrV
may be attributed to the fact that the polymerase enzymes of
DNA viruses such as PrV possess higher intrinsic fidelity than
those of RNA viruses such as PRRSV, leading to comparatively
higher rates of mutation and evolution in RNA viruses
(Holland et al., 1982). Nevertheless, PrV gC, and not PRRSV
ORF5, appears to tolerate structural variation. Preliminary
analyses in our laboratory indicate that structural novelty
within the PrV gC glycoprotein may, in fact, be positively
selected for as a response to adaptive host immune pressure.

Variability along the ORF5 protein was also not evenly
distributed. Fig. 6 indicates that both hypervariable and
invariant regions of the ORF5 protein exist. Among these are
regions that are both antigenic and genetically invariant. These
regions are probably critical to the function of the protein and
thus are logical targets for vaccine development. Future
research is warranted into the immunogenicity and specific
functions of these regions.

The results and interpretations of this study are dependent
on the particular evolutionary dynamics of the ORF5 gene of
PRRSV. While ORF5 is the most variable of the PRRSV ORFs,
its usefulness for reconstructing specific phylogenetic relation-
ships has been called into question because of intragenic
recombination (Murtaugh et al., 1998). Gene sequences of non-
recombining segments of the PRRSV genome (e.g. ORF6 ;
Murtaugh et al., 1998) may yield topologies in phylogenetic
trees more reliable than those presented here. Nevertheless,
the frequency of recombination across the PRRSV genome has
recently been estimated by Wesley et al. (1999) to be
approximately 7%. If this is the case, then the frequency of
recombination within ORF5, which represents approximately
4% of the PRRSV genome, should be just 0±28%, assuming
that recombination is equally probable anywhere in the
genome. This rate of recombination is low and suggests that
fewer than one of the 55 isolates included in the present study
is a recombinant.

The results of this study also depend on the sample of
PRRSV isolates analysed, which is biased. Only that subset of
PRRSV isolates that were submitted by veterinarians for
diagnostic testing was examined. Analysis of an unbiased
sample of PRRSV isolates (e.g. collected by diagnostic
screening of a randomly chosen set of farms) might yield
relationships different from those documented here. Similarly,
analysis of PRRSV isolates collected over a longer time span
may reveal hitherto undocumented temporal trends in the
genetic variability of the virus.
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Nevertheless, the present sample represents a clinically
important subset of the PRRSV population. To the extent that
the conclusions of this study can be generalized from, they
indicate that long-distance movement is a far stronger
determinant of PRRSV ORF5 genetic diversity than is localized
evolution. Similar to PRRSV across North America (Murtaugh
et al., 1998), PRRSV on a local geographical scale appears to
represent a single, intermixing virus population. If so, vaccines
and other strategies to control the spread of PRRSV need not
be tailored to specific geographical regions. Control of the
future spread of PRRSV between US farms should focus on the
inter- and intra-state shipment of animals and animal products.
Future research into the spatial, temporal and evolutionary
dynamics of other PRRSV genes should help to confirm the
validity and generality of these conclusions.
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