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Introduction 

Porcine reproductive and respiratory syndrome virus 
(PRRSV) infection constitutes one of the major disease 
problems in the swine industry today (Loula, 1991. Agri 
Prac. 12:23-34; Dee et aI., 1997. Vet Rec. 40:498-500). 
PRRSV is an RNA virus classified in the Arteriviridae 
family, order Nidovirales. Other viruses in this family 
include lactate dehydrogenase elevating virus, and sim
ian haemorragic fever virus. These viruses replicate pri
marily in macrophages and are known to establish asymp
tomatic persistent infections in their host. The persistence 
of PRRSV involves a continuous low level of viral repli
cation but is not a true steady-state persistent infection 
(Allende et aI., J Virology. 74(22): 1 0834-1 0837). PRRSV 
has a single-stranded positive sense RNA nucleic acid 
capable of undergoing genetic change through mutation, 
recombination, or horizontal gene transfer. The single
stranded genome of PRRSV is approximately 15 kb in 
length, containing seven open reading frames (ORFs) 
(Meulenberg, 2000. Vet Res. 31: 11-21). ORFs la and 1 b 
compromise about 80% of the viral genome and encode 
the viral RNA polymerase. ORFs 2, 3, and 4 encode virons 
associated proteins designated as GP
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5,6, and 7 encode envelope (GPs)' membrane (M), and 
nucleocapsid (N) proteins, respectively (Mardassi, et aI., 
1996. Virology. 221:98-112). 

At least two distinct genotypes of PRRSV have been re
ported: the European and the North American (Meng et 
aI., 1995. Arch Virol. 140:745-755). Sequence analysis of 
field isolates of PRRSV from Europe and North America 
have revealed a high sequence variation between these 
two groups (Allende. Gen Viral. 80:307-315). ORF 5 en
codes for the GPs protein which has the most variable 
structure protein with only a 51-55% amino acid identity. 
Genetic studies of PRRSV isolates within North America 
have established that the virus is antigenically (Yoon et 
aI., 1997. Vet Microh. 55:277-287) and genetically (Kapur 
eta!., 1996.JGen Virol. 77:I27I-1276,Murtaugheta!., 
1988. Adv Ex Med Biol. 77:787-794) highly diverse. In 
general, within the North American groups the N gene 
for PRRSV is relatively conserved within major geno
types. In contrast, the major envelope gene (GPs) of 
PRRSV exhibits greater genetic diversity within each 
major genotype. Differences in clinical signs and the ap-
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parent emergence of new syndromes may be due in part 
to changes in the PRRSV genome (Murtaugh et aI., 2002. 
SHAP. 10: 15-21). Biological variation occurs as a natural 
consequence of virus replication. It enables the virus to 
adapt to environmental changes and allows us to recon
struct patterns of virus change in the field. This heteroge
neity poses a major obstacle for the effective prevention 
and control of PRRS. Therefore, the precise identifica
tion of PRRSV isolates by determination of the nucle
otide sequence of the viral genetic material can be a valu
able tool for understanding the success or failure of PRRS 
detection, control, and elimination (Murtaugh, 2001. Proc 
ADLeman. 60-66), possible sources of introduction into 
naIve herds, and area spread. 

Methods and results 

Serum samples (n = 33) obtained from suspected viremic 
sows (n = 12), nursery (n = 16), and finisher pigs (n = 3) 
from a total of 13 farms from the state of Sonora (north
west) and six farms from Puebla (south central), Mexico. 
Five pigs from each farm were sampled and the serum 
was pooled; pooling was done in order to increase the 
possibility of finding a positive sample. Samples were 
sent to a diagnostic laboratory for PRRSV peR. Thirty
one out of the thirty-three samples were positive to peR 
for PRRSV. These field isolates (n = 31) were then com
pared on the basis of ORF7 sequences. ORF7 is com
monly used as a peR target and was, therefore, selected 
for this study. 

A comparison of the 31 isolates established that the per
cent sequence homology of ORF7 among the isolates 
ranged from 80 to 100%. A phylogenetic analysis 
(dendogram) constructed from the 31 Sonora/Puebla se
quences as well as the type strain VR2332 is shown in 
Figure 1. The sequencing analysis revealed ten different 
clusters where three clusters contained only one strain. 

Discussion 

The phylogram revealed a high level of genetic variabil
ity in the ORF7 gene of the isolates from the two regions 
studied in Mexico. This phylogram shows ten different 
clusters (lP-9E, 1 OaP- I 7D, 18D-22aD, 23bD-1 I aE, 26P-
24cD, 28-21 a-bD, 29D, 30D, 15dP and 31 D) where strains 
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Figure 1. Phylogenetic analysis constructed from the 31 SonoralPuebla sequences as well as the type 
strain VR2332. 

Codes 

Southcentral area: Black font 

Northwestern area : White font 

Same background: same company 

a-d= same company, different farm 

p= Breeding herd 

--~--------'---------~--------r-------~r-------~ 
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15dP and 3 I D were very different from the rest of the 
isolates, suggesting that these isolates came from a very 
distinct ancestor. Experience has shown that isolates that 
are recovered from experimentally infected pigs tend to 
have an average of 0.1-0.2% change as compared to the 
original isolate which was used to infect the pig. This rate 
stays the same or declines with continued passage of re
covered virus through additional pigs. Isolates that have 
few differences are interpreted as being closely related, 
whereas isolates which show substantial differences are 
interpreted as being independent (Murtaugh, 2001. Pmc 
ADLeman. 60-66). Since this is the first phylogenetic 
analysis done in Mexico, we do not know if it is true of 
other areas of swine production in Mexico. However, 
phylogenetic analysis done with different North Ameri
can strains have revealed that there is a high amount of 
variability both between local and regional PRRSV iso
lates (Goldberg et aI., 2000. J Gen Vim. 171-179). Also, 
the phylogenetic analyses have indicated that PRRSV 
virus isolates do not generally sort themselves into loca
tion-specific clades. This coincides with our results where 
genotypic variation among the isolates did not correlate 
well with geographical proximity or, in some cases, with 
source of semen and/or breeding stock replacement. In
terestingly, several isolates from the two areas appeared 
to be closely related, even though they are separated by 
several thousand kilometers. This implies a common in
fectious source, which must have occurred> 5 years pre
vious to this study, at the time these farms were stocked. 
Additionally, strains isolated from two different breeding 
herds from the same company (12aP and 13 bP; 19aP and 
20bP) were very similar, suggesting little genetic drift 
through the years. Collins (1998. Proc ADLeman) has 
suggested as a general guideline that ten or fewer differ
ences should be interpreted as closely related PRRSV iso
lates. Strains 1 P-8D had a 100% homology between each 
other and 99% with 9E. However there is at least a 10% 
difference between strains 10aP and 11 aE, even though 
they belong to the same farm but to a different produc
tion site. This difference could be explained through a 
possible horizontal contamination from nearby farms. 
When comparing the cluster containing strains 12aP, 13bP, 
and 10aP, we can see a common source of contamination 
between farms from different companies but located in 
the same geographical area. Farms 12aP and 13bP belong 
to the same company but 1 OaP belongs to a very different 
group 15 miles distant; the two companies do not have a 
common source of transport, feed, semen, etc. 

A very interesting finding came about when analyzing 
isolates from another company's two breeding herds (19aP 
and 20bP) and from their single nursery (21 a-bD). We 
found that the strains from both sites were 100% homolo
gous to the vaccine strain VR2332. This finding is unex
pected since it appears certain that this farm has never 
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used this vaccine, which is not approved for use in Mexico. 
There are three possible explanations for this result: 

• The farm became contaminated with the vaccine 
strain via contaminated semen or breeding stock. 

• There was a lateral introduction by a mechanical, bio
logical, or non-porcine vector. 

• There are field strains that have a 100% homology to 
VR2332 at ORF7 level but are genetically distinct in 
others ORFs. 

On the other hand, these two isolates from the breeding 
herd have only a 90% homology with the isolate from the 
nursery. Isolates 22aD, 23bD, and 22cD are three differ
ent strains from three different sites of the same company 
showing a 90-96% homology. 

Finally, the most novel and interesting finding in our study 
is that the strain 29D presented an insertion of three base 
pairs (CAA), which represents an extra amino acid. This 
finding is defined as a quasi-species which is a popula
tion of closely related, yet heterogeneous sequences that 
are variants of one dominant sequence (Bukh, 1985. Semin 
Liver Dis. 15:41-63). Viral quasi-species are closely re
lated mutant and recombinant genomes subjected to con
tinuous genetic variation, competition, and selection 
(Domingo, 1998. Emer Infec Dis. 4:521-527). This het
erogeneity can cause persistent infection resulting from 
selection of mutants that escape neutralizing antibodies 
or cytotoxic T lymphocytes (CTL) or as a result of defec
tive particles (Duarte et aI., Infectious Agents and Dis
ease. 3:201-214; Domingo et aI., 1998. Emer Infec Dis. 
4:521-527). This very unique situation originally made 
us deduce the presence of two different strains in the 
pooled sample. Further analysis often clones of the same 
strain revealed that it was a unique strain containing the 
extra insertion; this is the first time that an insertion of 
this type has been reported in ORF7. 

Conclusion 

Genetic analysis and clinical observations ofPRRSV sug
gest that the virus is changing rapidly. The mechanisms 
of change involve mutation, genetic recombination, and 
horizontal gene transfer (Kapur et aI., 1996. J Gen Viml. 
77:1271-1276). Our preliminary data from Mexico sug
gests a more moderate rate of change, since isolates from 
two separate regions have remained similar, as well as 
isolates from different farms within the same company. 
This result may be related to a lower pig density and re
duced animal movement as compared to the US. Charac
terization of the variation in PRRSV sequences is useful 
because it allows the reconstruction of patterns of virus 
change in the field. It also allows one to determine if vi
rus strains recovered from farms originated from pre-ex
isting isolates or represent new introductions from an 
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outside source. It is useful in investigating differences and 
similarities among isolates in a group of farms having 
similar potential contamination sources (e.g., semen, 
breeding stock, etc.) and in hypothesizing about area 
spread and possible routes of transmission in a given geo
graphical area. It is also an important tool to fine-tune 
acclimatization protocols that use gilt exposure to the 
farm's homologous strains or strains (Batista et aI., 2002. 
SHAP. lO(4):147-150). 

Interpretation and use of sequence information depends 
on the availability of high quality data. As of today, se
quence information cannot be used to make inferences 
about biological properties of PRRSV. Therefore, ques
tions regarding the role of the impact of PRRSV diver
sity in the severity of clinical signs and manifestations, 
persistence, and immunity remain to be answered if we 
hope to successfully prevent, control, and eventually per
manently eradicate PRRSV from swine production. 
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