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ABSTRACT 
 
Porcine reproductive and respiratory syndrome (PRRS) viruses are recognized as 
possessing a high degree of genetic and antigenic variability.  Viral diversity has led to 
questions regarding the association of virus mutation and persistent infection in the host 
and raised concerns vis-à-vis protective immunity, the ability of diagnostic assays to 
detect novel variants, and the possible emergence of virulent strains.  Although field 
isolates of PRRS virus (PRRSV) show a remarkable degree of genetic and antigenic 
variability, virus mutation in pigs over time has not been characterized.  The purpose of 
this study was to describe on-going changes in PRRSV during replication in pigs under 
experimental conditions.  Animals were inoculated with a plaque-cloned virus derived 
from VR-2332, the North American PRRSV prototype.  Three independent lines of in 

vivo replication were maintained for 367 days by pig-to-pig passage of virus at 60-day 
intervals.  A total of 315 plaque-cloned viruses were recovered from 21 pigs over the 
367 day observation period and compared to the original plaque-cloned virus by virus 
neutralization assay, monoclonal antibody analysis, and sequencing of open reading 
frames (ORFs) 1b (replicase), 5 (major envelope protein), and 7 (nucleocapsid) of the 
genome.  Variants were detectable by day 7 post inoculation and multiple variants were 
present concurrently in every pig sampled over the observation period.  Sequence 
analysis showed ORFs 1b and 7 to be highly conserved.  In contrast, sequencing of 
ORF 5 disclosed 48 nucleotide variants which corresponded to 22 amino acid variants.  
Although no epitopic changes were detected under the conditions of this experiment, 
PRRSV was shown to evolve continuously in infected pigs, with different genes of the 
viral genome undergoing varying degrees of change. 
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INTRODUCTION 
 
As is widely recognized, porcine reproductive and respiratory syndrome (PRRS) is an 
economically significant disease of swine caused by the PRRS virus (PRRSV).  In acute 
outbreaks, economic losses from PRRSV have been estimated to range from $236 to 
$502 per sow in farrow-to-finish and breeding stock operations (Polson et al., Proc 12th 
IPVS,1992).  In response to the economic effects of PRRS, various management 
strategies and vaccination protocols have been tested for controlling PRRS.  At present, 
no definitive solution to the prevention and control of PRRS has been found.  Two 
modified live virus (MLV) vaccines are currently available to swine producers, but it has 
been observed that PRRS outbreaks occur even in vaccinated herds.  Several 
explanations have been proposed to account for this fact: 
 
• Perhaps the currently available vaccines simply do not induce solid protective 

immunity; 
 
• Perhaps "antibody dependent enhancement" (ADE) is interfering with the protection 

conferred by PRRSV vaccines (Yoon et al., 1995, 1996).  ADE is a phenomenon in 
which virus-specific antibodies actually enhance the entry, and possibly the 
replication, of virus in monocytes/macrophages and other cells that have Fc 
receptors on their surfaces.  ADE has been described for viruses representing 12 
different families, including the Arteriviridae to which PRRSV belongs.  These effects 
are responsible, in part or in total, for the difficulties encountered in developing 
effective vaccines for a wide variety of viruses including equine infectious anemia 
virus, measles virus, feline infectious peritonitis virus, Aleutian mink disease virus, 
rabies virus, and bluetongue virus. 

 
• Perhaps field isolates of PRRSV vary genetically and antigenically from vaccine 

strains to the degree that they cannot be controlled by the available vaccines. 
 
The overall goal of our study was to gain a better understanding of the genetic and 
antigenic stability of PRRSV.  Specifically, we proposed to study in detail the changes in 
PRRSV which occur over the course of infection and over serial pig passages.  We 
believe an understanding of these characteristics will provide insight into the 
pathogenesis, immunology, diagnostics, transmission, and epidemiology of PRRS in 
commercial swine herds.  Such information will help in developing strategies to control 
PRRS and reduce the economic impact of PRRS on the swine industry. 
 
 
OBJECTIVES 
 
We know that PRRSV has the ability to persist and replicate in chronic carrier animals.  
This was first reported in 1992, when we described transmission from animals infected 
99 days earlier.  We also know that PRRSV isolates are genetically and antigenically 
diverse.  These two facts may be interlinked.  In many RNA viruses, persistent 
infections are based on continuous mutations that select certain viral quasi-species best 
adapted to continuous replication in certain cells.  This could be the case for PRRSV, as 
well.  Therefore, we hypothesize that the ability of PRRSV to persist as a chronic 
infection could be one of the forces that drives the high level of genetic variation that 
exists among isolates of PRRSV.  Our overall objective was to test this hypothesis.  
Specific aim is to determine the fundamental rate of random mutation and genetic 
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variation in PRRSV under natural conditions of growth and immunological selection in 
pigs with respect to two areas: PRRSV polymerase and envelope proteins. 
 
PROCEDURES 
 
Experimental design  The study consisted of a series of animal passages (n 
= 7) of PRRSV, each pass lasting 60 days.  We began with one plaque clone of PRRSV 
derived from well-characterized field isolate, ATCC VR-2332.  At the end of each pass, 
15 PRRSV plaque isolates were collected from each individual pig.  Tissue homogenate 
filtrates were then used to infect the next pig in order to avoid the effects of cell culture 
passage on virus selection.  Our plan was to look for genotypic (nucleotide sequence) 
and phenotypic (epitope) changes in ORFs 1, 5, and 7 that occurred over the course of 
the passage using the original cloned isolate as the baseline.  Because 15 plaque 
clones were collected from each pig, changes may be described in terms of the 
percentage of plaques which differ from the original cloned isolate antigenically and/or 
genetically in these 3 proteins. 
 
Virus  A well-characterized PRRSV isolate (ATCC VR-2332) was used for the 
study because:  1. VR2332 has a unique restriction site in OFR 5 of the genome that is 
easily differentiated by RT-PCR amplification followed by restriction endonuclease 
analysis;  2. the entire genomic sequence of the isolate is available; and  3. epitopes on 
the nucleocapsid protein of the virus have been characterized in our laboratory using 
the same panel of 6 monoclonal antibodies to be used in the proposed study.  Since the 
homogeneity of the original inoculum was critical for the proposed study, one plaque 
clone was amplified and used to infect pigs.  
 
Animals For each animal passage, 4 littermate crossbred pigs were obtained from 
a herd free of PRRSV using an early weaning protocol.  Pigs were weaned at 
approximately 10 days of age, ear-tagged, and randomly assigned to a treatment.  Pigs 
were individually housed in HEPA filtered isolation units prior to exposure to the virus 
and for the entire course of the study.  Use of the HEPA filtered isolation units was 
necessary to avoid transmission of virus among pigs.  In generation 1, 3 of the 4 pigs 
were inoculated intramuscularly with a plaque clone of VR2332.  The 4th pig served the 
dual functions of biosecurity sentinel and negative control.  All pigs were euthanized 60 
days post inoculation (PI), and lung, tonsil, and serum collected from individual pigs.  
Mixed tissue homogenate (20%, w/v) were prepared from the lung and tonsil obtained 
from individual pigs.  In each subsequent passage, four pigs were randomly assigned to 
treatments (A, B, C, or Neg Con) and intranasally inoculated with the tissue 
homogenate from the matching treatment.  
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Monitoring and assays The appearance of clinical signs, including respiratory 
distress, depression, and anorexia, was monitored throughout animal passages.  
Viremia (level and duration) was monitored using a microtitration infectivity assay.  
Levels of PRRSV-specific antibody in serum samples collected from each passage 
were determined by ELISA.  In addition, 15 plaque-cloned virus isolates were recovered 
from each of the 3 pigs in each of the 7 passages by directly diluting the serum samples 
collected on day 7 PI to eliminate the requirement for virus isolation in cell culture prior 
to plaque-cloning.  Fifteen plaque-cloned viruses were also obtained from the original 
virus inoculum to provide a baseline for antigenic and genetic comparisons.  All isolates 
were then archived at -80° C for future studies.  Phenotypes and genotypes of plaque-
cloned PRRSV isolates from each passage were compared to those of the original 
parent strain.  Specifically, we documented changes in the nucleotide sequences of 
ORFs 1, 5, and 7 and evaluated the biological significance of genetic changes, if any, 
with respect to epitopic alteration and generation of escape mutants. 
 
 
RESULTS 
 
Clinical responses          All inoculated pigs harbored infectious virus at 60 days post 
inoculation as determined by presence of detectable viremia and seroconversion, 
proving that transmission to the subsequent passage was successful.  Following 
inoculation with tissue filtrates, all pigs in inoculated group exhibited mild to moderate 
lethargy and anorexia, occasionally with dyspnea, beginning on day 2 and occasionally 
lasting up to day 10 PI.  All pigs appeared clinically normal thereafter. 
 
Monitoring of antibody response at each passage did not reveal statistically significant 
differences in virus replication during passages.  In contrast, statistical analyses showed 
that viremia response was not the same among all lines or passages.  Notably higher 
level of PRRS viremia was quickly developed in pigs received tissue homogenate from 
P1, whereas lower level but much longer duration of viremia was observed in pigs 
inoculated with cell culture derived virus.  This suggested an adaptive difference 
between cell-culture derived PRRSV and pig-passaged PRRSV. 
 
Sequence analysis          Genetically variants were detectable as early as after 7-day in 

vivo replication.  Multiple variants were present concurrently in every pig sampled over 
the observation period.  Sequence analysis showed that ORFs 1b and 7 to be highly 
conserved with respect to the number of variants appeared and rate of mutations.  In 
contrast, sequencing of ORF 5 disclosed 48 nucleotide variants which corresponded to 
22 amino acid variants during 7 animals passages of VR-2332.  In fact, no clone with 
100% homology to ORF 5 sequence of the inoculum was detected after the first 
passage. 
 
The majority of variants of ORFs 1, 5 and 7 were transient, i.e., appeared, then 
disappeared from later passages (negative selection).  No variant ‘skipped’ a 
passage(s), i.e., appeared, went undetected in a subsequent passage(s), and appeared 
in a later passage.  Overall, the transitions (G↔A or T↔C) were more common to occur 
than the transverison (GA ↔ TC).  The number of transitions per plaque-cloned virus 
over passages was consistent with the mutation rates of nucleotide sequences in their 
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corresponding genes, since the transversion only occurred in a few isolates.  While 
ORFs 1b and 7 were relatively conserved during serial animal passages, ORF 5 
showed stable increases in the substitution per clone from 0.58 to 3.87 for P1 through 
P7. 
 
Assessment of antigenic changes          A panel of 5 Mabs specific to the nucleocapsid 
(N) and 2 to the envelope (E) proteins was used to detect the change in epitopic profile 
of the inoculum during virus evolution in animal passages.  No abolition of reactivity with 
each of these Mabs was observed in any of plaque-cloned virus isolates of 45 each that 
were collected from passages 1, 2 and 7, respectively, demonstrating no correlation 
between observed amino acid substitutions and epitopic changes.  Likewise, one-way 
VN assay did not reveal the presence of plaque-cloned viruses significantly resistant to 
neutralizing activity of antisera collected at day 60 PI. in the first passage, suggesting 
that no escape mutant was generated during 7 animal passages under conditions of this 
experiment. 
 
 


