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Introduction

Diagnostic sequencing of PRRS virus field isolates was
initiated at the University of Minnesota in October 1995.
Since then thousands of field isolates of PRRS virus have
been partially sequenced in labs throughout the United
States to gain genetic information to better understand
disease spread within and among herds, vaccine efficacy,
potential reversion to virulence, and other issues. Eight
years later swine veterinarians, diagnosticians, and re-
searchers have an enormous amount of information on
genetic variation in PRRS viruses, especially in open read-
ing frame 5 encoding the envelope glycoprotein. How-
ever, the usefulness of this information as it applies to
understanding PRRS in the field has been limited in many
cases. Here we present a recent study in which PRRS vi-
rus sequence information was used in the investigation
of PRRS virus spread.

PRRS vaccinology is based on the premise that a vaccine
will present viral antigens to the immune system in a way
that mimics natural infection, but that the vaccine itself
will not cause disease. The stability of attenuated PRRSV
vaccines following release in the field, specifically the
reversion of attenuated vaccines to virulent PRRSV, has
been questioned by a series of reports from Denmark
(Storgaard et al., 1999; Nielsen et al., 2001; Nielsen et
al., 2002) and one report from the U.S. (Allende et al.,
2000). Here we report on genetic variation and biological
stability in PRRSV vaccine following more than seven
years of continuous use in a field situation free of wild-
type PRRSV. Extensive nucleotide and amino acid se-
quence variation was observed in open reading frame 5
(ORF5), encoding the envelope glycoprotein (GP5). The
results show that vaccine virus can be maintained in pig
populations, where it undergoes considerable genetic
change. A transient episode of PRRS after six months was
associated with vaccine exposure to pregnant sows.  In
the subsequent seven years no PRRS outbreaks were ob-
served while vaccine was administered on a weekly basis
and vaccine variants of increasing diversity were isolated.
We conclude that reversion to virulence did not occur.

A live, attenuated PRRS vaccine, Ingelvac PRRS MLV
(Boehringer Ingelheim, St. Joseph, Missouri, USA) was
administered to  sows and gilts in an isolated nucleus herd

free of PRRS and with no other swine within a 9km ra-
dius. One hundred sixteen doses of vaccine were used in
nonpregnant sows in March and April 1995. An additional
93 doses of  vaccine were used in May–July 1995. Blitz
vaccination of the entire sow herd at less than 60 days of
gestation occurred in September 1995. Since 1995 the
vaccine has been administered at the rate of about 25 doses
per week in lactating sows (9–16 days post-farrowing)
and approximately 75 doses per week in gilts about 5
months of age. Boars, nursing piglets, and growing pigs
were never vaccinated. Herd health, reproductive perfor-
mance, and production records were maintained in
Easicare. Clinical signs used for PRRS diagnosis in preg-
nant females included anorexia,  abortions, and early
farrowings. In weaned pigs, the clinical signs for PRRS
diagnosis included lethargy, cyanosis, tachypnea, dysp-
nea, and weight loss. The IDEXX ELISA was used for
serology and immunohistochemistry, RT-nPCR or both
were used for fetal analysis. Viral detection was performed
by virus isolation, TaqMan RT-PCR, or RT-nPCR. Diag-
nostic testing was performed at Oxford Veterinary Labs
(Worthington, Minnesota, USA), the Western College of
Veterinary Medicine (Saskatoon, Canada), and the Min-
nesota Veterinary Diagnostic Laboratory (St. Paul, Min-
nesota, USA). Viruses isolated from PRRS ELISA-posi-
tive serum of nursing and growing pigs were submitted
to the University of Minnesota Advanced Genetic Analy-
sis Center for sequencing of ORF5 through the Minne-
sota Veterinary Diagnostic Laboratory.

In the period from August 1995 to November 2002, thir-
teen distinct PRRSV isolates were obtained from nursing
and growing pigs, at the times indicated in Figure 1. The
603 base ORF5 nucleotide sequence of isolates in the first
six months of vaccine use differed from the vaccine ORF5
by 0–5 bases. Based on the identity or near identity to
vaccine, we concluded that the samples were field
reisolations of vaccine virus. Field viruses from the same
region and time period contained a minimum of 30 nucle-
otide differences from vaccine virus ORF5. In the subse-
quent seven years, viruses isolated from nursing and grow-
ing pigs showed increasing divergence from the vaccine
sequence. The rate of nucleotide change overall from 1996
to 2002 was 0.04% to 0.11% per month. An isolate from
November 2002 differs at 23 bases and is 3.8% different
from vaccine. The virus population has accumulated mu-
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tations, including both synonymous and nonsynonymous
nucleotide substitutions, at a constant rate. The majority
of nonsynonymous mutations, which were more frequent
than synonymous changes, are in the predicted extravirion
and hypervariable domains of the protein. Recent isolates
are 6–7% different from the vaccine GP5 at the protein
level. All serologic surveys performed on the farm since
1996 have indicated the absence of viral circulation in
the gestation herd, thus horizontal transmission of the vi-
rus in the grower unit most likely accounts for the pres-
ence of PRRSV in growing pigs. The isolation of vaccine
virus from nursery pigs in 1995 and 1996 suggests that
vertical transmission occurred only at the onset of vacci-
nation, perhaps associated with the episode of blitz vac-
cination in September 1995.

The herd was clinically stable from March until August
1995. In late August, stillbirths increased and prewean-
ing mortality rose from 11% to 20%, consistent with sows
having been infected with PRRSV in late gestation. Fol-
lowing blitz vaccination in September 1995, unthrifty pig-
lets were evident in the nursery and post-weaning mor-
tality remained above normal until March 1996. No
significant clinical signs were noted in the grow-finish
herd, and classic signs of PRRS—i.e., anorexia, pyrexia,
abortions, and early farrowings—were not observed in
the gestation area. No confirmed clinical PRRS disease
has been observed since March 1996 and reproductive
performance, including farrowing rate, preweaning mor-
tality, stillbirths, and mummies, has been maintained
within the ranges that existed before introduction of
Ingelvac PRRS MLV. The results indicate that a popula-
tion of avirulent viruses is being transmitted from carrier
sows to naive offspring and has accumulated a substan-
tial number of mutations over time. None of the changes
appear to be associated with virulence or a reversion to
virulence since no clinical disease was present during this
period of time.

These findings contrast with reports of vaccine reversion
to virulence in Denmark that focus on the reproductive
syndrome in pregnant sows infected in the third trimester
(Storgaard et al., 1999; Nielsen et al., 2001; Nielsen et
al., 2002). However, the Ingelvac PRRS MLV virus itself
may cause reproductive disease when administered to
pregnant sows in the third trimester. Exposure of 90-day
pregnant gilts to Ingelvac PRRS MLV resulted in con-
genital infection of all farrowed piglets, but did not cause
abortions, whereas independent field isolates caused both
congenital infections and late-term fetal death (Mengeling
et al., 1996; Mengeling et al., 1999).  These two studies
established that the attenuated vaccine strain was trans-
mitted to piglets. The experimental findings were extended
in a large epidemiologic analysis of attenuated vaccine
use in 47 North American swine herds (Dewey et al.,
1999). Sows vaccinated at any time in gestation had re-
duced numbers of pigs born alive, reduced numbers of

pigs weaned per litter, increased numbers of stillborn pigs,
and increased numbers of mummified pigs compared to
the sows that farrowed before first use of Ingelvac PRRS
MLV vaccine.  Moreover, the largest association in these
parameters occurred in sows vaccinated in the last four
weeks of gestation, i.e., the third trimester. They also noted
that the magnitude of the decrease in number of pigs
weaned following vaccination was dependent on the num-
ber of pigs born alive and on preweaning mortality (Dewey
et al., 1999).  Collectively, these reports establish that
exposure of third trimester pregnant sows to an attenu-
ated PRRS virus vaccine results in the reproductive syn-
drome of PRRS, albeit with a severity that is reduced com-
pared to virulent forms of the virus. These observations
appear to be consistent with the reported virulence of a
Danish vaccine reisolate, in which administration to third
trimester pregnant sows did not cause fever or reduce the
gestation period (Nielsen et al., 2002). Eleven pigs per
sow were born alive, representing 77% of total births
among 6 sows. By contrast, 13 pigs per sow were born
alive, representing 100% of total births among 3 control
sows negative for PRRSV. In challenged pigs mortality
was highest in sows with litters of 15, 17, and 18 pigs.
Since fever and premature farrowing—two hallmarks of
the reproductive syndrome—were absent in the challenged
sows, the severity of disease appeared to be attenuated as
compared to infection of third trimester sows with wild
type field isolates.

A detailed genetic analysis of field reisolates of vaccine
virus in Denmark further revealed that 18 of 20 samples
contained point mutations that altered amino acid 151 of
the envelope glycoprotein from glycine in the vaccine
strain to arginine, which was the original amino acid in
the envelope glycoprotein of the virulent parental strain,
VR2332 (Storgaard et al., 1999). Amino acid 14 in the
matrix protein also reverted from glutamic acid in the
vaccine strain to glutamine as existed in VR2332 in 18 of
20 reisolates (Storgaard et al., 1999). From this evidence
it was hypothesized that the two amino acid mutations
were involved in vaccine attenuation and reversion to viru-
lence, although the relevant reisolated strains were not
compared in vivo to the vaccine or field isolates. Addi-
tional nucleotide sequence analysis of a subset of the
Danish field reisolates suggested the presence of parallel
mutations in ORF1 that were associated with reversion to
virulence, but the virulence of these strains was not ex-
amined (Nielsen et al., 2001).  In the present study, vac-
cine reisolates were obtained with glycine-151 and with
arginine-151.  The reproductive syndrome associated with
vaccine use in our study can be accounted for by the
known behavior of attenuated PRRSV vaccines in preg-
nant sows.

A second report of vaccine reversion to virulence in the
U.S. was based on a detailed examination of PRRSV strain
16244B, a virulent field strain isolated in 1997 in Ne-
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Ingelvac PRRS vaccine (Allende et al., 2002).  No field
isolate resembling the vaccine or its parent strain, VR2332,
was observed since the original isolation of VR2332 in
1989. Therefore, the authors argued that mutation of vac-
cine virus in the field was the most reasonable way to
account for the existence of strain 16244B. However, in-
clusion of parental VR2332 in the comparison of the full-
length genomic sequences complicates the hypothesis that
strain 16244B was a field revertant of Ingelvac PRRS.
Attenuation of VR2332 to produce the Ingelvac PRRS
vaccine resulted in 41 nucleotide mutations (Yuan et al.,
2001).  Of these, approximately half were present in
16244B, indicating a possible reversion to the parental
nucleotide, but half were not.  Importantly, there were
215 instances in which VR2332 and Ingelvac PRRS were
identical but different from 16244B, and no instances in
which all three strains were different one from another
(Yuan et al., 2001).  If 16244B evolved in the field from
Ingelvac PRRS, then there were 215 independent muta-
tional events in which the resulting base, by chance, was
the same as in VR2332, and no events  in which either of
two other bases resulted.  The likelihood of such an out-
come occurring by chance is exceedingly low, since any
of three nucleotides would be substituted in random mu-
tation.  For this reason, the origin of strain 16244B as an
independent field isolate similar to VR2332 or as an
Ingelvac PRRSV revertant cannot be conclusively estab-
lished. Nevertheless, the wide range of genetic variation
present in PRRSV populations worldwide, combined with
the potential of  attenuated PRRSV vaccines to spread
vertically and horizontally in swine populations, indicates
that the potential exists for the derivation and establish-
ment of variants in the field from vaccine viruses.
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Figure 1. Timeline of events

From March to July 1995, 213 doses of Ingelvac PRRS MLV were administered to nonpregnant sows. After
PRRSV was isolated in a finishing barn in August (month 5), mass vaccination of sows at <60 days of
gestation was carried out. Vaccine was administered at about 25 doses per week thereafter in lactating sows
and at about 75 doses per week in 5-month-old gilts. IDEXX ELISA-positive sera from nursing and growing
pigs were subjected to virus isolation. All recovered virus samples were sequenced in the orf 5 region.


