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Summary
Objective: To determine the range of por-
cine reproductive and respiratory syndrome
virus (PRRSV) genetic variation and pos-
sible avenues of dissemination in geo-
graphically separated swine herds in
Mexico.

Methods: Pooled serum samples (n=33)
from suspected viremic sows and nursery
and finisher pigs from 13 sites in the state
of Sonora (northwest Mexico) and six sites
in Puebla (south-central region) were sub-
jected to PRRSV polymerase chain reac-
tion amplification, purification, and
sequencing.

Results: Thirty-four PRRSV open reading
frame 7 (ORF7) sequences were generated
from a total of 31 isolates from 13 sites in
Sonora and six in Puebla. The nucleotide
similarity of ORF7 among isolates ranged
from 86 to 100%. Phylogenetic analysis
revealed no obvious geographic, temporal,
or other characteristics that accounted for
the observed distribution of isolates.

Implications: DNA sequence analysis re-
vealed unexpectedly high levels of genetic
variation among and within swine-rearing
regions in Mexico, suggesting independent
PRRSV introductions. Re-isolation of a

vaccinal strain of PRRSV suggests importa-
tion of vaccinated animals or semen or sur-
reptitious use. The diversity and distribu-
tion of viral genotypes indicates that the
mechanisms of geographic spread were
complex, such that effective control may
present a substantial epidemiological
challenge.
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Porcine reproductive and respiratory
syndrome virus (PRRSV) infection
constitutes one of the major disease

problems in the swine industry today.1,2

The causative agent is a small, enveloped,
positive-strand RNA virus classified in the
order Nidovirales, family Arteriviridae.
Other family members include equine ar-
teritis virus, lactate dehydrogenase-elevating
virus, and simian hemorrhagic fever virus.3

These viruses replicate primarily in macroph-
ages and are known to establish asymptom-
atic, persistent infections in their hosts. In
an animal persistently infected with PRRSV,
there is a continuous low level of viral rep-
lication, not a true steady-state persistent
infection.4,5

Two distinct genotypes of PRRSV evolved
independently in Europe and North
America.6-8 Studies of PRRSV variation
within North America have established
that the virus is antigenically9 and geneti-
cally6,10 highly diverse. The major envelope
glycoprotein gene, open reading frame 5
(ORF5), is most commonly used to analyze
genetic variation.11-13 However, other re-
gions of the viral genome that encode
structural proteins, including open reading
frame 7 (ORF7), which encodes the
nucleocapsid (N) protein, demonstrate
substantial genetic variation and have been
used for genetic studies.6-8,10,13,14 Restric-
tion fragment length polymorphism (RFLP)
analysis also has been used to discriminate

between vaccine and field isolates of
PRRSV, but this method has not been
adopted for genetic studies.15,16

We were interested in patterns of PRRSV
genetic variation in the field, because dif-
ferences in clinical signs and the apparent
emergence of new syndromes may be due
in part to changes in the PRRSV genome.
This heterogeneity may pose a major ob-
stacle for effective prevention and control
of porcine reproductive and respiratory
syndrome (PRRS). Therefore, the precise
identification of PRRSV isolates by deter-
mination of nucleotide sequence of viral
genetic material may be a valuable tool for
understanding the success or failure of
PRRS control and elimination procedures,
possible sources of introduction into naive
herds, and area spread. Here, we hypoth-
esized that determination of genetic types
of PRRSV isolates within a production sys-
tem would allow a fuller understanding of
the epidemiology of the disease. The objec-
tive of this study was to determine the range
of PRRSV genetic variation and possible
avenues of dissemination in geographically
separated swine herds in Mexico.
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Materials and methods
Serum samples
Pooled serum samples (n=33) were obtained
from suspected viremic sows and nursery
and finisher pigs from 13 herds in the state
of Sonora in northwest Mexico and from
six herds in Puebla in south-central Mexico.
Five pigs from each production site were
sampled, and sera were pooled to increase
the possibility of finding a positive sample.
Samples were submitted to a diagnostic
laboratory, Investigacion Aplicada (Tehuacan,
Puebla, Mexico), for testing by polymerase
chain reaction (PCR) for PRRSV ORF7.17

Positive results were determined by agarose
gel electrophoresis and ethidium bromide
staining. The PCR products were spotted
on 3MM paper (Whatman, Maidstone,
England) and stored at 4˚C until shipment
to the University of Minnesota for reampli-
fication and sequencing.

PCR reamplification
Samples of DNA were eluted from filters
with 100 µL of water, purified (Qiagen
PCR Purification kit; Valencia, California),
and amplified with forward and reverse
primers 5’- GTGGTAAACCTTGTCAAA
TATGC-3’ and 5’-ATTCTTCCAATTCA

AACACTG-3’ (nucleotides 2882–2904
and 3297–3317, respectively, of Genbank
accession number U00153). Polymerase
chain reactions were performed in a 50-µl
volume containing 200 nM of each primer,
200 nM of each deoxynucleotide triphos-
phate, 1.25 units of Amplitaq DNA poly-
merase, 2 mM MgCl2 and 1× PCR buffer.
All PCR reagents were obtained from
Perkin-Elmer (Branchburg, New Jersey).
Reactions were incubated for 10 minutes at
95˚C, followed by 40 cycles of denaturation
at 94˚C for 30 seconds, annealing at 57˚C
for 30 seconds, and extension at 72˚C for
45 seconds. A final extension was performed
at 72˚C for 7 minutes. The 436-bp PCR
products were then visualized on 1% agarose
gels stained with ethidium bromide.

Sequencing and sequence analysis
Products of PCR were extracted from the
gel and purified (Qiagen Gel Extraction
kit; Valencia, California) and either cloned
into a plasmid vector (pGEM-T vector;
Promega, Madison, Wisconsin) or submit-
ted for sequencing to the Advanced Genetic
Analysis Center, University of Minnesota
(St Paul, Minnesota), where routine auto-
mated DNA sequencing was performed.
Sequences were proofread manually, as-

sembled, and analyzed phylogenetically
with EDITSEQ, SEQMAN, and
MEGALIGN programs of DNASTAR
(Intelligenetics, Madison, Wisconsin),
Clustal X18 and TreeView PPC.19 Clustal
X and TreeView PPC are publicly available
software programs.

Results
Thirty-one samples obtained from 13 sites
in Sonora and six in Puebla were positive
for PRRSV by PCR. Of the positive samples,
12 were from sows, 16 from nursery pigs,
and three from finishers. A total of 34
PRRSV ORF7 sequences were generated
from the 31 isolates. The sequencing trace
files were unambiguous except for sample
29N, in which case the PCR product was
cloned and ten individual clones were se-
quenced. The different nucleotide sequences
were obtained, all of which produced the
same amino acid sequence (Figure 1). The
nucleotide sequences were deposited in
Genbank with accession numbers AY209195
to AY209228.

A comparison of the 34 sequences estab-
lished that the nucleotide similarity of
ORF7 among the isolates ranged from 86
to 100%. Nucleotide substitutions were
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Figure 1: Nucleocapsid amino acid alignments of isolates of porcine reproductive and respiratory syndrome virus from 19
swine production facilities in two geographical regions of Mexico.
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Figure 2: Phylogenetic analysis of open reading frame 7 sequences of porcine reproductive and respiratory syndrome
virus isolates from 19 swine production facilities in two geographical regions of Mexico, Puebla (black numbers) and
Sonora (white numbers). The 34 sequences are numbered 1 through 31, with lowercase letters (a to d) identifying sources
as different sites within the same production system, uppercase letters identifying animals in the breeding herd (B),
nursery (N), or finisher (F), and matching background shading indicating isolates from the same production system. The
phylogram was prepared from nucleotide sequences in DNASTAR (Intelligenetics, Madison, Wisconsin).
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located throughout the ORF (data not
shown). Similarly, amino acid differences
were numerous in all areas of the protein,
as shown in the alignment in Figure 1. The
maximum amino acid difference of 11.4%
was observed between isolates 28 and 31N,
and between isolates 24cN and 31N. A

phylogram constructed from the 34
Sonora-Puebla nucleotide sequences and
the type strain VR2332 is shown in Figure
2. Phylogenetic analysis revealed no obvi-
ous geographic, temporal, or other charac-
teristics that accounted for the observed
distribution of isolates. Figure 3, a radial

dendrogram including all North American
nucleocapsid amino acid sequences in
Genbank, shows that all but two of the
Mexican isolates clustered into one of three
groups, shown in the shaded portions of
the figure. One group consisted of appar-
ent field re-isolates of Ingelvac PRRS MLV
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Figure 3:  Radial dendrogram showing 34 isolates of porcine reproductive and respiratory syndrome virus (PRRSV) from
two geographical regions of Mexico among all North American nucleocapsid amino acid sequences of PRRSV in Genbank.
Three distinct clusters and two single isolates are shaded in gray. The sample identification scheme for Mexican isolates,
numbered 1 through 31, includes lowercase letters (a to d) identifying sources as different sites within the same
production system, and uppercase letters identifying animals in the breeding herd (B), nursery (N), or finisher (F). All other
designations refer to PRRSV open reading frame 7 sequences in Genbank. Resp: identifies the strain of PRRSV in RespPRRS
MLV vaccine (Boehringer Ingelheim Vetmedica, St Joseph, Missouri).
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vaccine (previously marketed as RespPRRS;
Boehringer Ingelheim Vetmedica, St Joseph,
Missouri). A second group contained only
isolates from this study and the nearest
neighbor, Genbank U64932, which was
isolated in Quebec, Canada, in 1993.20

Interestingly, the third and largest group of
Mexican isolates contains two sequences,
U64928 and U64931, which were isolated
in Quebec, Canada, in 1991 and 1993,
respectively.20 Isolates 30N and 31N had
no close relatives.

As isolate 29N could not be resolved into a
readable sequence upon initial sequencing,
the 436-bp PCR product was cloned and
10 independent colonies were sequenced.
Three distinct but closely related nucleotide
sequences were identified. All 10 sequences
contained a unique three-base insertion
encoding the amino acid glutamine (Q) at
position 14 (Figure 1). Thus, the protein
contained 124 amino acids instead of the
standard 123 amino acids reported in all
other isolates except U64931, which has an
asparagine (N) at position 43. 

Discussion
The objective of this study was to describe
the genetic variation of PRRSV field isolates
recovered from sites in different geographi-
cal regions in order to understand the
spread of the PRRSV in these two pork
production areas in Mexico. A key element
of the study was the use of diagnostic PCR
samples for genetic analysis. Many PRRSV
diagnostic PCR assays amplify ORF7,
whereas genetic studies tend to be focused
on ORF5. Here, genetic analysis of ORF7
revealed diverse PRRSV isolates in Mexico.
Thus, ORF7 displays substantial genetic
variation of epidemiological relevance. Use
of diagnostic PCR also facilitates genetic
analysis of field isolates, as a diagnostic
PCR sample isolated locally may be shipped
to centralized sequencing facilities for ge-
netic analysis, internationally if necessary.

The reamplification performed at the Uni-
versity of Minnesota was necessary because
the samples recovered from filter paper
were insufficient for high quality sequencing.
Direct sequencing of PCR products from
pooled samples without subcloning, as per-
formed in this study, has the risk of missing
minor subpopulations of PRRSV isolates.
However, pigs appear to usually harbor a
single PRRSV genotype, even when di-
rectly inoculated with multiple strains;21,22

the trace files from sequencing are usually

unambiguous; and the subcloning and se-
quencing that were performed in this study
revealed closely related forms in only one
isolate (29N).

The phylogram in Figure 2 reveals a high
level of genetic variability in the ORF7
gene in the isolates from Sonora and Puebla,
showing 10 different clusters (1B–9F,
10aB–17N, 18N–22aN, 23bN–11aF,
26B–24cN, 28–21a-bN, 29N, 30N, 15dB,
and 31N). Isolates 15dB and 31N were very
different from the other isolates, suggesting
that they evolved from a very distinct ances-
tor. Isolates recovered from experimentally
infected pigs tend to have an average of 0.1
to 0.2% change or less in ORF7, compared
to the original isolate used to infect the pig.23

This rate stayed the same or declined with
continued passage of recovered virus through
additional pigs.23 Isolates with few differ-
ences are interpreted as being closely related,
whereas isolates with substantial differences
are interpreted as being independent.13

Since this was the first phylogenetic analysis
of PRRSV in Mexico, we do not know if
the variability noted in these results is char-
acteristic of isolates from other areas of
Mexican swine production. However, an-
other phylogenetic analysis in the midwestern
United States revealed a large amount of
variability among local as well as regional
PRRSV isolates.12 Also, in that study, phy-
logenetic analysis indicated that PRRSV
isolates did not generally sort into location-
specific groups. This observation agrees
with our finding that genotypic variation
among isolates did not correlate well with
geographical proximity or, in some cases,
with source of semen, breeding stock re-
placement, or both. Interestingly, in several
instances, isolates from the two geographi-
cal regions, Sonora and Puebla, appeared to
be closely related, even though the produc-
tion sites of origin were separated by several
thousand kilometers. Since we could identify
no factor in common between these two
areas, it implied the possibility of a common
infectious source at the time the sites were
stocked approximately 5 years previously,
with limited genetic change thereafter. The
opportunity for a more recent common
source of infection could not be identified,
but cannot be completely excluded. Addi-
tionally, isolates 12aB and 13bB, and 19aB
and 20bB, from pigs in two different
breeding herds in the same production
system, were very similar, suggesting either
little genetic change through the years or

an inapparent means of virus spread. Isolates
1B, 2B, 3B, 4B, 5N, 6N, 7N, and 8N were
100% identical and 99% similar to isolate
9F. However, there was at least a 10% dif-
ference between strains 10aB and 11aF,
even though they came from different sites
in the same system. This difference might
be due to horizontal transmission from
nearby swine facilities that were not part of
the production systems in this study. When
isolates in the cluster containing isolates
12aB, 13bB, and 10aB are compared, a
common source of infection for sites in
different production systems located in the
same geographical area appears to be likely.
Isolates 12aB and 13bB originated from
the same system, whereas isolate 10aB
originated from a different system 24 km
distant, with no common source of trans-
port, feed, semen, or any other material.
Isolates from two breeding herds (isolates
19aB and 20bB) and from their single
combined nursery (isolate 21a-bN) were
100% identical to the Ingelvac MLV vac-
cine strain. This finding was unexpected,
since there is no record of use of any type
of PRRS vaccine, and the Ingelvac MLV
was not licensed in Mexico. We hypothesize
that the site acquired the vaccine strain
directly or indirectly via vaccinated breeding
stock or semen of vaccinated boars, or that
there was surreptitious use of the vaccine.
It is unlikely that field strains homologous
to vaccine were re-isolated, since the vaccine
was derived from a Minnesota field strain
isolated in 1989 and never unequivocally
isolated again. These unexpected results are
also unlikely to have been caused by labo-
ratory contamination, since neither Ingelvac
MLV nor VR2332 strains were in use in
either laboratory in Mexico or the United
States when these studies were being
performed.

Breeding herd isolates had only a 90%
similarity with nursery isolates. Isolates
22aN, 23bN, and 22cN, which showed 90
to 96% similarity, were from three different
sites in the same production system. The
substantial variation among isolates, as
shown in Figure 3, indicated that PRRSV
introductions occurred repeatedly in Sonora
and Puebla. Finally, strain 29N contained a
novel insertion of three base pairs (CAA),
encoding the extra amino acid glutamine at
position 14. The emergence of this novel
genotype may have occurred in response to
immunological selection of mutants that
escaped neutralizing antibodies or cytotoxic
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T lymphocytes, or as a result of defective
viral particle production.4,24,25 It will be
interesting to determine if this strain has
different neutralization or T-cell reactivity
characteristics consistent with immune
escape.

Genetic analysis of PRRSV and clinical
observations of the disease suggest that the
virus is changing rapidly. The mechanisms
of change involve mutation, genetic recom-
bination, and horizontal gene transfer.10

The data from Mexico are consistent with
the concept of rapid change, since two ge-
netic clusters, both of which showed phylo-
genetic similarities to independent isolates
from 1993 in Quebec, Canada, displayed
substantial differences in variation within
each cluster, and one strain, 29N, contained
an insertion.

Characterization of the variation in PRRSV
sequences is useful because it allows recon-
struction of patterns of virus change in the
field. It also allows one to determine if virus
strains recovered from farms originate from
pre-existing isolates or represent new intro-
ductions from an outside source. This
method is useful in investigating differences
and similarities among isolates in a group
of farms having similar potential contami-
nation sources, including semen, breeding
stock, personnel, and business vehicles, and
in hypothesizing about area spread and
routes of transmission in a given geographi-
cal area. It is also an important tool to ad-
just acclimatization protocols that use gilt
exposure to homologous strains within a
farm.26

As of today, sequence information cannot
be used to make inferences about biological
properties of PRRSV. Therefore, questions
regarding the impact of PRRSV diversity
on the severity of clinical signs and mani-
festations, persistence, and immunity re-
main to be answered if we hope to success-
fully prevent, control, and eventually
permanently eradicate PRRSV from swine
production.

Implications
• High levels of genetic variation among

and within two swine-producing
regions in Mexico suggest that
independent PRRSV introductions
occurred.

• Vaccine re-isolation suggests that the
vaccine strain was acquired directly or
indirectly via vaccinated breeding stock
or semen of vaccinated boars, or that

there was surreptitious use of the
vaccine.

• The diversity and distribution of viral
genotypes indicate that the mecha-
nisms of geographic spread were
complex, such that effective control
may present a substantial epidemio-
logical challenge.
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