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Introduction: Porcine reproductive and respiratory syndrome (PRRS) continues to be a major
problem for the swine industry.  An RNA virus causes the disease and antigenic, genetic and patho-
genic variations have been reported among PRRSV isolates.  The United States and European virus-
es represent two distinct genetic types (Meng et al, 1995; Nelsen et al, 1999).  There is also antigenic
variability among U.S. isolates and between U.S. and European isolates (Wensvoort et al, 1992;
Nelson et al, 1993; Jones et al, 1999).  Differences in the virulence of various isolates of PRRSV have
also been demonstrated between U.S. and European isolates and among U.S. isolates (Halbur et al,
1995 a, b).  Despite these differences, there is no universal method to differentiate PRRSV isolates or
to correlate antigenic, genetic or pathogenic variation to particular viral genes.  The genetic and anti-
genic variation can also complicate diagnosis of the virus as demonstrated by the recent detection of
an European-like PRRSV isolates in the United States (K Rossow, University of Minnesota).  In addi-
tion, there are questions as to how the genetic diversity of PRRSVs impacts the efficacy of current
vaccines.

Diversity among PRRSV: One of the important characteristics of PRRSV is that its genome
exhibits significant genetic heterogeneity as a result of an accumulation of mutations during viral repli-
cation.  This high mutation rate, a characteristic of RNA viruses, can be attributed to an error-prone
enzyme that copies the RNA to make new RNA.  Unlike the enzyme that copies DNA, this enzyme
lacks proofreading activity and cannot correct for improper nucleotides inserted into the RNA.
Analogous to other RNA viruses, PRRSV circulates in an infected individual as a population of closely
related, yet heterologous, sequences known as quasispecies (Holland et al, 1992).  The dominant
virus within the quasispecies that circulates in an individual animal or a herd can change over time.
Quasispecies may also play a role in persistence of the virus and provide a means for new viral iso-
lates to evolve.  The presence of neutralizing or other antibodies, for example, may select for a new
dominant PRRSV from the population of quasispecies.  This new dominant population may then have
the ability  to escape the immune response and persist in the pig.

One of the most common methods used to differentiate viruses is serotyping.  In this assay, one tests
a particular field isolate against known serums to determine the identity.   Unfortunately, serologic
assays are not available to differentiate field isolates of PRRSVs from each other or to determine the
difference between field isolates of PRRSV and PRRS vaccine viruses. While monoclonal antibody
panels have recently been used to differentiate field isolates of PRRSV, these panels use a large num-
ber of antibodies, are rather tedious to perform and interpretation of the results is at best difficult
(Jones et al, 1999).  

The advent of molecular biology and high throughput sequencers has made it possible to character-
ize PRRSV isolates by detecting differences in nucleotides between isolates (genotyping).  Now that
the complete genomic sequence of North American and European prototypes of PRRSVs and vac-
cine viruses have been determined, the sequence of field isolates can be compared to these known
sequences to determine relatedness of the isolates. This is generally done by multiple alignment of
these sequences and comparing the percent sequence homology of the nucleotide bases.  

Sequencing has also revealed several characteristics of the PRRSV genome that aid in using this
technique for differentiation of PRRSV isolates.  When one compares the nucleic acid sequence of
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the viral structural proteins (Open Reading Frames [ORFs] 2 to 7) of the Lelystad and North American VR2332 prototype of
PRRSV, there is only 66% homology.  Thus, these two viruses represent distinct genotypes. Also, viral gene ORF 5, which
codes for the major envelope glycoprotein, contains the most variable nucleotide sequence among U.S. isolates.  Conversely,
ORF 6, which encodes the viral M protein, is the most conserved sequence among these isolates (Kapur et al, 1996).  Although
there are nucleotide differences on ORFs 2, 3, 4, and 7, these are not as common as those of the ORF 5 glycoprotein.    

Samples use for sequencing: Sequencing of PRRSV can be done directly from the clinical specimen or by first isolat-
ing the virus on monkey kidney cells or porcine alveolar macrophages and then sequencing the isolated virus.  Direct sequenc-
ing is theoretically the best approach, because one cannot rule out potential mutations or selection of the PRRSV isolate, which
replicates well in cell culture and may be different from the disease causing wild-type virus.  For example, vaccine viruses gener-
ally grow better on cell culture than field isolates.  However, the initial virus isolation usually does not impact the sequence near-
ly as significantly as serial passages of the virus.  Samples submitted to diagnostic laboratories can be either tissue or serum.
Serum may be a more popular specimen, because it represents an ante-mortem sample and is convenient to collect.
Practitioners or producers intending to submit clinical specimens for sequencing of PRRSV should consult the diagnostic labo-
ratory as to how samples should be submitted.  Generally, samples should be collected and placed on wet ice and kept refrig-
erated.  Samples should also be placed on ice packs if necessary to ship the samples to the diagnostic laboratory.

Method of sequencing: Sequencing requires skilled technicians and specialized equipment.  In general, the viral nucleic
acid is extracted from the tissue specimen or cell culture containing replicating field viruses; the nucleic acid is purified; the
PRRSV nucleic acid is converted from RNA to DNA using a special enzyme known as reverse transcriptase; and then amplified
using the polymerase chain reaction to produce a sufficient quantity of sample for sequencing.  This amplified product is then
purified and the sequence of the viral nucleic acid determined.

Once the nucleic acid is sequenced, it is compared to known sequences of various prototype viruses such as VR2332,
Lelystad, RespPRRS® vaccine virus and PrimePac® vaccine virus.  Some laboratories also include atypical PRRS viruses, the
Ingelvac ATP vaccine virus and other modified-live vaccine viruses such as Suvaxyn, which is no longer marketed.  These
results are then reported by the laboratory as percent pair-wise similarities between the field isolate and known virus sequences.
While we have the ability to sequence the entire PRRSV genome, diagnostic laboratories routinely sequence only the ORF 5
and/or ORF 5 and 6 genes of the virus.  The ORF 5 gene gives the best estimate of variability and the ORF 6 is most con-
served and acts as an internal control during the sequencing reactions and analysis.  Thus, the ORF 5 nucleotide sequence of
approximately 577 bases and the ORF 5/6 sequences represent only 4% and 6%, respectively of the 15,000 nucleotide bases
of the PRRS viral genome.  Thus, the differentiation of PRRSV isolates by sequencing is done by analyzing only a
small proportion of the complete viral genome. Doing the entire genome would be very expensive and take several weeks
to complete.

Interpretation of sequencing results: Diagnostic laboratories differ in the method of reporting results but usually the
practitioner receives a report showing a series of base comparisons. Sequencing results can be interpreted in at least three dif-
ferent ways:  

1) Direct comparison of the bases by multialignment and percent nucleotide homology. Base pair-wise comparisons between
isolates are the simplest means to determine similarities or differences.  This is usually reported as the percent homology
from 0 to 100%.  The higher the percent homology, the more related the isolates.  For example, if 1000 bases were
sequenced and compared and there is 99% homology, it means that there are approximately 10 bases (1%) that are differ-
ent than the known sequence.  However, 95% homology would indicate a difference in 50 bases (5%) and the PRRS iso-
lates may be considered to be different.  Experience in most diagnostic laboratories indicate that field strains generally have
greater than 60 nucleotide differences when ORFs 5 and 6 sequences are compared to vaccine strains, although there are
exceptions (Collins et al, 1998).  

However, these results should be carefully interpreted.  Theoretically, two isolates of PRRSV with 99% sequence homology
could be very different biologically.  For example, a change in one nucleotide could change the amino acid sequence in
such a manner to create new antigenic sites or new pathogenic isolates of the virus.  So while sequence comparisons give
some indication as to the genetic relatedness of different isolates of PRRSV, it does not give an indication of similarities or
differences in the biological properties of the virus.

2) Comparison of the predicted amino acids from the sequence. The nucleotide sequence of the PRRSV can be used to pre-
dict the amino acid sequence of the protein encoded by the viral genome.  The amino acid sequences can also be com-
pared for the percent homology as described for the nucleotide sequences.  The percent homology of the amino acid
sequence may differ from that of the nucleotide sequence, because some nucleotide changes are synonymous (silent) sub-
stitutions, which result in nucleotide changes but not amino acid changes.  Again, the higher the percent homology of the
amino acid sequence, the more closely related the isolate of virus.  As with the interpretation of the nucleotide sequence
homology, care must be taken in interpreting amino acid sequence homology, because a single nucleotide substitution may
change a protein glycosylation site for example, and this may influence the antigenicity or virulence of the virus.  



3) Differentiation of PRRSV isolates based on a particular pattern of bases that are recognized by specific DNA endonucleases
(restriction fragment length polymorphism or predicted cut pattern). Prior to the use of direct sequencing, a system was
devised to classify PRRSV isolates according to how these enzymes recognized certain cut sites on the viral nucleic acid
(Wesley et al, 1998; 1999).  Subsequently, it was found that a differential restriction fragment length polymorphism (RFLP)
test could provide differentiation of vaccine virus and field virus.  The RFLP provides a numerical 3-digit code that describes
the ORF 5 RFLP patterns for three restriction enzymes.  

The RFLP is now generated from the sequence data.  Generally, most laboratories include in the report a predicted cut pat-
tern or RFLP of the ORF 5 sequence, which can be used as a guide for differentiation of field virus from vaccine virus (Table
1).   These patterns are not particularly helpful in differentiation of field isolates, because most field isolates conserve the 1-
4-2 cut pattern.

Note that the most obvious difference in cut pat-
terns is between the North American and
European prototype PRRSVs.  Field isolates have
a variety of RFLP patterns, but the 1-4-2 seems to
often be the most common.  The RespPRRS vac-
cine pattern is also consistently different than most
field isolates and while this is also true of
PrimePac, there are potential field isolates with the
1-4-4 pattern typical of this vaccine virus.  While
the Atypical PRRSVs have several RFLP patterns.
The Ingelvac ATP® has an RFLP pattern like most
field isolates.

Remember that the cut patterns only target specif-
ic base sequences within ORF 5.  The most direct
information on differentiation of isolates can be
obtained from the percent homology of the
nucleotides.

Value of sequencing. Although sequencing is a valuable tool for the differentiation of PRRSV isolates, the information
from sequencing data cannot be used to indicate: 1.  The virulence of PRRSV isolates – no virulence gene has been identified
at this time; 2.  The antigenic relatedness of virus isolates – this can best be done through serologic assays, which are not
readily available for PRRSV; or 3.  Whether vaccination can protect against the isolate – this can only be done through heterolo-
gous challenge experiments in animals.

Sequencing data can be used in the following situations:

1.  Epidemiological investigations or tracking of virus between herds. Sequence data may be indicative of the relatedness
of viruses isolated from different ages of pigs on the same farm, from different production sites on the same farm or
among different farms.  For example, a previous PRRSV naïve farm experiences an outbreak of the disease after pur-
chasing replacement stock from another source. Shortly after this outbreak, it is learned that the source farm had expe-
rienced a PRRSV infection several months prior.  One could compare isolates from the source farm and the recipient
farm for sequence homology.  High percentage homology may indicate that the virus on the recipient farm originated
from the source farm.  

2.  Investigating the variation of isolates within a farm. Sequence data can be used to differentiate PRRSVs isolated from a
single farm or herd over a period of time.  May be helpful in determining if one or more isolates of PRRSV are circulating
in the herd simultaneously.  Variation may also explain vaccine failure, but this needs to be carefully interpreted as no
experimental evidence yet exists to support this.

3.  Differentiation of PRRSV field isolates and vaccine virus. As previously indicated, this approach is more sensitive and
direct than using the RFLP patterns.  This is probably one of the most common uses of sequencing data.  

4.  Differentiation of PRRSV isolates as either North American or European genotypes. This is the most direct means to
identify the European-like PRRSV recently identified in the United States.   These two viruses have very distinct
sequences.

5.  Differentiation of PRRSV isolates collected at different times from persistently infected animals or herds. PRRSV isolates
collected from individual animals or herds may evolve or mutate over time.  Currently, this type of sequence data may
be more useful as an experimental rather than a practical approach.  

Table 1.  
Predicted cut patterns of various isolates of PRRSV.

Isolate Predicted 
of RFLP Pattern 

PRRSV from Sequence

VR2332 – North American prototype 2-5-2

Lelystad – European prototype 1-1-1

RespPRRS Vaccine 2-5-2

PrimePac Vaccine 1-4-4

Ingelac ATP Vaccine 1-4-2

Atypical PRRSV 1-4-1; 1-4-2; 1-4-3;1-4-4

Field Isolates 1-4-2; 2-5-2; 1-3-2; 1-8-2
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