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A b s t r a c t
Porcine reproductive and respiratory syndrome virus (PRRSV) is an RNA virus in the order Nidovirales, family Arteriviridae,
genus Arterivirus. The virus induces a prolonged viremia, replicates in macrophages, and produces persistent infection.
The purpose of this study was to determine if PRRSV could persist for 90 d or more in a large population of breeding-age gilts
housed under environmental conditions typical of commercial swine production and to determine if experimentally infected
gilts could shed virus to naïve sentinel gilts beyond 90 d postinfection. Using the intranasal route, we inoculated 120 PRRSV-
naïve gilts, 4 mo of age, with 5 mL of cell culture fluid containing a total dose of 102.4 TCID50 of a field isolate (MN-30100) of
PRRSV. The index gilts were organized into 3 groups (A, B, and C), 40 gilts per group. To assess the dynamics of the experi-
mental infection, a monitor group of 30 index gilts was blood-tested on days 0, 3, 7, 14, 30, 60, 90, 120, 150, and 180 postinfection.
PRRSV viremia was detected with the polymerase chain reaction (PCR) on days 3, 7, and 14 and by virus isolation (VI) on days
7 and 14. PRRSV antibodies were detected from day 14 by enzyme-linked immunosorbent assay (ELISA). To assess shedding,
30 PRRSV-naïve sentinel gilts were commingled with the index gilts on day 90 postinfection and tested by PCR, VI, and ELISA
every 15 d until 180 d postinfection; all samples were negative. To assess persistence, 40 index and 10 sentinel gilts were
slaughtered at 120 (group A), 150 (group B), or 180 (group C) d postinfection. Evidence of PRRSV was not detected by PCR or
VI in any tissue samples from the 120 index gilts. These results indicate that persistence and shedding of PRRSV are of short
duration in breeding-age gilts.

R é s u m é
Le virus du syndrome respiratoire et reproducteur du porc (PRRSV) est un virus à ARN classé dans l’ordre Nidovirales, famille
Arterividae, genre Arterivirus. Le virus induit une virémie prolongée, se réplique dans les macrophages et cause une infection persis-
tante. Le but de l’étude était de déterminer si le PRRSV pouvait persister pour 90 j ou plus dans une grande population de cochettes en âge
d’être accouplées, gardées dans des conditions d’hébergement typiques de celles rencontrées en production porcine ainsi que d’évaluer si
des cochettes infectées expérimentalement pouvaient excréter le virus au-delà de 90 j post-inoculation (PI). Un total de 120 cochettes exemptes

de PRRSV âgées de 4 mois furent inoculées par voie intra-nasale avec 5 mL de liquide de culture cellulaire contenant une dose to
102.4 TCID50 d’un isolat sauvage de PRRSV. Trois groupes (A, B et C) de 40 animaux index par groupe furent formés. Pour éva

dynamique de l’infection expérimentale, des échantillons de sang furent prélevés aux jours 0, 1, 3, 7, 14, 30, 60, 90, 120, 150 et 180 PI 
groupe formé de 30 cochettes index (groupe sous surveillance). Les échantillons de sérum furent testés pour la présence de PRRSV par r
d’amplification en chaîne par la polymérase (PCR) et par isolement viral (VI) aux jours 3, 7 et 14 PI. Pour évaluer l’excrétion, 30 coche
tinelles exemptes de PRRSV furent mêlées aux cochettes index au jour 90 PI et testées à tous les 15 jours du jour 90 jusqu’au jour 180

PCR, VI et ELISA. Tous les échantillons se sont avérés négatifs. Pour évaluer la persistance de l’infection, 40 cochettes index et 10 coche
tinelles furent abattues aux jours 120 (groupe A), 150 (groupe B) et 180 (groupe C) PI. Aucune évidence de PRRSV ne fut détectée par P
VI à partir des échantillons de tissu des 120 cochettes index. Ces résultats confirment que la persistance et l’excrétion de PRRSV sont d

durée chez des cochettes en âge de se reproduire
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I n t r o d u c t i o n
Infection with porcine reproductive and respiratory syndrome

virus (PRRSV) is a major problem in the swine industry (1).
Estimated losses of $228 per inventoried sow per year, due to
increased mortality rate, reduced growth rate, and elevated costs of
medication and vaccination, have been reported (2). PRRSV is an
RNA virus in the order Nidovirales, family Arteriviridae, genus
Arterivirus (3). Other members of the Arterivirus group include
lactate-dehydrogenase-elevating virus of mice, equine arteritis
virus, and simian hemorrhagic fever virus (4). These viruses can
induce a prolonged viremia in the presence of antibodies, replicate
in macrophages, and produce persistent infection (5). Persistent infec-
tion is defined as “the continued presence of a virus in a host for
extended periods of time post infection” (6,7). RNA viruses such as
PRRSV do not revert to inactive states after infection but, rather, con-
tinue to replicate at some level within certain sites in the body
(5–7). Experimental studies have recovered viable PRRSV from
tonsil tissue of growing pigs 157 d postinfection, and PRRSV
nucleic acid has been detected in boar semen 92 d postinfection (8,9). 

In endemically infected populations, PRRSV may be transmitted
in the breeding herd, resulting in recurrent episodes of PRRS-
related reproductive disease, as well as infection of weaned pig pop-
ulations secondary to vertical or horizontal transmission from sow
to pig prior to weaning (10,11). Evidence of PRRSV transmission in
endemically infected breeding herds has been reported (11,12).
Within such populations, PRRSV-infected and naïve subpopulations
of sows coexist, infected animals appear to cluster in small groups
or exist as singletons, and naïve sows can produce PRRSV antibodies
following exposure to virus (12,13).

However, few data are available regarding the duration of
PRRSV persistence within a large experimental population of
breeding-age swine housed under commercial conditions. Bierk and
colleagues (14) recently investigated chronic PRRSV infection in an
endemically infected field population. Diagnostic data from 60 adult
breeding swine (45 sows and 15 boars) indicated that approxi-

mately 2% of the sampled population harbored PRRSV. No con-
clusions could be drawn regarding whether the PRRSV-positive
animals were persistently infected, nor could the investigators
determine the duration of persistence, owing to the inability to
identify the exact time of infection of individual animals. The same
group demonstrated persistent infection and shedding of PRRSV
from experimentally infected sows to contact controls among non-
pregnant sows from 49 to 86 d postinfection (15). Limitations of this
study included the use of small groups of animals, the use of facil-
ities that were not representative of commercial swine systems, and
the inability to assess PRRSV persistence beyond 90 d postinfection.
Therefore, the purpose of our study was to determine if PRRSV could
persist in a population of breeding-age gilts housed under com-
mercial conditions for 120 d or more and if experimentally infected
gilts could shed virus beyond 90 d postinfection.

M a t e r i a l s  a n d  m e t h o d s

Source of animals and housing
We obtained 120 PRRSV-naïve gilts, 4 mo of age, from a source

known to be negative for PRRSV on the basis of 5 years of diagnostic
data and the absence of clinical signs of PRRS in all phases of pro-
duction (2,10,11). The gilts were housed at the research farm of the
University of Minnesota Swine Disease Eradication Center, in a 
10-pen, mechanically ventilated finishing building; the pens were
10 � 2.5 m in size and had partially slatted floors. The animals were
placed 12 per pen and provided with 1 m2 of space. During the study,
animals were cared for under the guidelines of the University of
Minnesota Institutional Animal Care Committee policies.

Infection model
Upon arrival at the farm, all gilts were individually identified with

numbered ear tags. On day 0, they were infected intranasally with
5 mL of cell culture fluid containing a total dose of 102.4 TCID50 of a
field isolate (MN-30100) of PRRSV (14). To assess the PRRSV status
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Figure 1. Timeline of actions taken during the experiment and the scheduled sampling of index and sentinel animals. Index gilts were bled on days 0, 3,
7, 14, 30, 60, 90, 120, 150, and 180 postinfection. Sentinel gilts were bled on days 90, 105, 120, 135, 150, 165, and 180. All samples were tested by
the polymerase chain reaction, virus isolation, and enzyme-linked immunosorbent assay.
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of the population over the course of the study, a monitor group of
30 index gilts was organized by randomly selecting 3 animals from
each pen. This sample size was sufficient to estimate prevalence
when the true expected prevalence was � 10% or � 90% with ± 10%
accuracy and 95% confidence. On day 0, ten 8-wk-old PRRSV-
naïve gilts from the same source were housed in a separate facility
30 m from the experimental facility to serve as negative controls;
thus, lateral introduction of PRRSV was monitored. 

Assessment of persistence and shedding
Following experimental infection, the 120 index gilts were organ-

ized into 3 groups (A, B, and C), 40 gilts per group. To determine
whether PRRSV could persist within the experimentally infected gilts
for 120 to 180 d postinfection, group A would be marketed at 120 d
postinfection, group B at 150 d, and group C at 180 d; selected tissues
would be collected at slaughter and tested for PRRSV. The sample
size of 40 gilts per slaughter group was capable of detecting at least
1 PRRSV-infected gilt, assuming an estimated prevalence of 2%, with
95% confidence (14). To determine whether the experimentally
infected population could shed PRRSV during the period of 90 to
180 d postinfection, 30 PRRSV-naïve, age-matched sentinel gilts were
introduced at day 90 after infection of the index population. The sen-
tinel gilts were individually tagged, mixed directly with the index
gilts (3 sentinels per pen), and bled every 15 d to determine their
PRRSV status. Figure 1 provides a timeline that summarizes the
events during the study period.

Sampling methods and diagnostic testing
The PRRSV-infected monitor gilts were blood-tested on days 0,

3, 7, 14, 30, 60, 90, 120, 150, and 180 postinfection. All 30 sentinel gilts
were blood-tested upon arrival at the facility (on day 90 after infec-
tion of the index animals) and then every 15 d until day 180 after
infection of the index gilts, for a total of 7 samplings (on days 90, 105,
120, 135, 150, 165, and 180). The negative-control gilts were blood-
tested on arrival at the farm and at the end of the study. Serum was
tested for PRRSV nucleic acid by polymerase chain reaction (PCR)
(TaqMan PCR; Perkin-Elmer Applied Biosystems, Foster City,
California, USA), for viable PRRSV by virus isolation (VI), using
MARC-145 continuous-cell lines and porcine alveolar macrophages
(16–18), and for PRRSV antibodies by enzyme-linked immuno-
sorbent assay (ELISA) (IDEXX ELISA; IDEXX Laboratories,
Westbrook, Maine, USA).

Tissues collected at slaughter always included tonsil and lymph
nodes from at least 2 sites from each gilt. Specifically, the sternal
and superficial inguinal lymph nodes were required, because of the
ease of accessing these sites at slaughter and because of data from
a previous study that demonstrated frequent detection of PRRSV
nucleic acid by PCR in these sites (15). Additional lymphoid tissue
(tracheobronchial, medial iliac, and, or, lateral retropharyngeal)
was collected when it could clearly be identified. Along with each
group of 40 index gilts, 10 sentinel gilts were processed in a similar
manner. Large pieces of tissue were collected during evisceration
on the kill floor or as carcasses were chilling at 4°C. The samples
were confirmed to be of lymphoid origin by microscopic examination
and then were pooled by individual animal, transported on ice to the
University of Minnesota Veterinary Diagnostic Laboratory, homog-

enized (so that all tissues would be evenly represented during
testing and even small amounts of persisting PRRSV would not be
missed), tested for PRRSV by PCR and VI, and evaluated for the
presence of lesions suggestive of PRRSV infection (17–19). The
open reading frame 5 (ORF 5) region of the nucleic acid of repre-
sentative PRRSV isolates recovered from the index and sentinel gilts
was sequenced to determine the degree of homology with the iso-
late used for the experimental infection (20). Serum from the negative
controls was tested by ELISA; these gilts were not included in any
of the 3 slaughter groups.

R e s u l t s
Table I summarizes the diagnostic and test data for the index and

sentinel groups, respectively. All 30 index gilts in the monitor
group were PRRSV negative on arrival, as verified by PCR, VI,
and ELISA. Serial testing of the monitor gilts indicated successful
experimental infection. On day 3 postinfection, 23 were PCR posi-
tive but none were VI positive. They were depressed, anorexic,
and feverish (temperature 40 to 41.5°C) for approximately 48 to 72 h
postinfection. No deaths occurred. ORF 5 molecular sequencing of
a randomly selected PRRSV isolate recovered from an index pig
indicated 100% homology with the isolate used for the experi-
mental infection. On day 7 postinfection, 29 of the monitor gilts were
PCR positive and 19 were VI positive; however, all were ELISA neg-
ative (sample-to-positive ratio � 0.4). On day 14 postinfection, all
30 monitor gilts were ELISA positive, but only 27 and 8 were PCR
and VI positive, respectively. The numbers of ELISA-positive mon-
itor gilts from day 30 to 180 postinfection were as follows: 30/30
(days 30 and 60), 29/30 (days 90 and 120), 19/20 (day 150) and 9/10
(day 180). All samples collected on days 30 to 180 were PCR and VI
negative. All sentinel gilts were PRRSV negative by PCR, VI,

Table I. PRRSV status of index gilts following experimental
infection and sentinel gilts at days 90 to 180 of the study

No. positive/no. tested
Index gilts Sentinel gilts

Day PCR VI ELISA PCR VI ELISA
0 0/30 0/30 0/30 NA NA NA
3 23/30 0/30 0/30 NA NA NA
7 29/30 19/30 0/30 NA NA NA

14 27/30 8/30 30/30 NA NA NA
30 0/30 0/30 30/30 NA NA NA
60 0/30 0/30 30/30 NA NA NA
90 0/30 0/30 29/30 0/30 0/30 0/30

105 NT NT NT 0/30 0/30 0/30
120 0/30 0/30 29/30 0/30 0/30 0/30
135 NT NT NT 0/20 0/20 0/20
150 0/20 0/20 19/20 0/20 0/20 0/20
165 NT NT NT 0/10 0/10 0/10
180 0/10 0/10 9/10 0/10 0/10 0/10
PRRSV — porcine reproductive and respiratory syndrome virus;
PCR — polymerase chain reaction; VI — virus isolation; ELISA —
enzyme-linked immunosorbent assay; NA — not available (sen-
tinel gilts were introduced 90 d after infection of the index gilts); NT —
not tested



and ELISA on arrival (day 90 after infection of the index population)
and remained so throughout days 90 to 180 postinfection. 

At each slaughter date (120, 150, and 180 d postinfection), 50 pools
of tissue (from 40 index and 10 sentinel animals) were collected,
for a total of 150 tissue pools. The approximate ages of the gilts
at slaughter were 240, 270, and 300 d for groups A, B, and C,
respectively. Samples of tonsil and sternal and superficial inguinal
lymph nodes were collected from all index and sentinel gilts. In addi-
tion, samples of tracheobronchial, medial iliac, and lateral retropha-
ryngeal lymph nodes were collected from 66 of the 120 index gilts;
the total number of lymph node sites was 5 for 10 gilts, 4 for 23 gilts,
and 3 for 33 gilts. Microscopic evidence of PRRSV infection was not
detected, and all tissue pools were negative by PCR and VI. The
negative-control gilts remained ELISA negative throughout the study.

D i s c u s s i o n
The primary objective of this study was to determine if PRRSV

could persist in a population of breeding-age gilts for 120 to 180 d
postinfection and whether infected gilts could shed the virus to naïve
sentinels beyond 90 d postinfection. Although diagnostic data
from the monitor gilts indicated successful experimental infec-
tion, with viremia detected for up to 14 d postinfection, PRRSV was
not detected in any of the tissue pools from the index gilts slaugh-
tered at 120, 150, or 180 d postinfection. Serum samples collected on
days 3, 7, and 14 were positive for most of the index gilts by PCR
(23, 29, and 27, respectively, out of 30); however, fewer of the sam-
ples were VI positive (0, 19, and 8, respectively, out of 30), which
indicates that PCR is more sensitive than VI. The sensitivity of
the TaqMan PCR, used in this study, has been reported to be
0.1 TCID50/mL (17).

Shedding of PRRSV from index animals to commingled sentinels
was not observed during the period of 90 to 180 d postinfection.
Therefore, under the conditions of our study, PRRSV persistence and
shedding within a large population of experimentally infected
breeding-age gilts appear to be of short duration (less than 120
and 90 d, respectively). Different results have recently been reported
for PRRSV persistence in experimentally infected nursery pigs:
Horter and associates (21) indicated that PRRSV was detectable
in 100% of 60 experimentally infected 3-wk-old pigs at 63 d post-
infection and in 90% of the pigs 105 d postinfection. One possible
explanation for the difference between the studies may be that the
duration of PRRSV persistence is related to the age of the host. It is
well documented that the viremic period in adult swine is shorter
than that in younger animals (22,23). In our study, the index gilts
were infected at 4 mo of age and slaughtered at 240 to 300 d of age.
Therefore, one could speculate that the immune response of the adult
is different following infection with PRRSV. 

Another reason may be the difference in the diagnostic methods
used in the 2 studies. Horter and associates used a sequential test-
ing scheme that involved a series of tests, including PCR, VI, and
swine bioassay (21,24). Although a large percentage (47% to 81%) of
the samples tested were positive by PCR or VI, samples negative in
both tests were tested by swine bioassay. We debated whether to
include swine bioassay; however, in contrast to the study of Horter
and associates, 100% of the tissue pools from the 120 index animals

in our study were both PCR and VI negative. We recently tested
869 tissue samples from breeding-age female swine by PCR, VI, and
swine bioassay: the samples that were PCR and VI negative (n = 868)
were also negative by swine bioassay, and the single sample that
was PCR or VI positive was also positive by swine bioassay (25).
Therefore, because of the results of this study, the results of previ-
ous studies evaluating PRRSV persistence in breeding-age female
swine (15), and the potential costs of testing 120 homogenates by
swine bioassay, we did not include this test. Finally, the 2 studies
used different isolates of PRRSV. Horter and associates selected 
VR-2332, a cell-culture-adapted strain previously recovered from
pulmonary tissue from an infected nursery-aged pig. In contrast, we
used a field strain (MN-30100), isolated from lymphoid tissue of an
asymptomatic, seropositive, aviremic sow (14). Our study isolate was
capable of inducing fetal death following the inoculation of 2 PRRSV-
naïve pregnant sows at 95 d of gestation. The sows were necropsied
14 d later, and samples of maternal and fetal tissue and blood
were collected. One sow had 10 fresh, 6 partially autolyzed, and
2 mummified fetuses; the other sow had 6 fresh and viable fetuses
devoid of microscopic lesions of PRRSV infection. Fetal samples from
both litters were positive for PRRSV (14).

This study brought forth new information on the dynamics of
PRRSV persistence in a large population of experimentally infected
breeding-age gilts. At the time of writing, this is the largest PRRSV per-
sistence study ever conducted in this age group, housed under these
conditions. Other strengths of this study include the use of a field iso-
late previously recovered from an aviremic sow that harbored
PRRSV in lymphoid tissues, the use of commercial facilities to mimic
field conditions, and the introduction of PRRSV-naïve sentinels
directly commingled with index animals, which maximized animal-
to-animal interaction. However, this study had several limitations.
Although we did fulfill our sample selection criteria, collecting sam-
ples of tonsil and sternal and superficial inguinal lymph nodes from
all 120 index gilts, we were unable to collect a broader spectrum of
samples, because of the inherent difficulty of collecting samples at a
slaughterhouse. Therefore, we cannot rule out the possibility that
certain gilts harbored PRRSV in lymphoid sites that were not sampled.
Definitive visual confirmation of the supplementary sites sampled was
difficult in some gilts. These lymph nodes were frequently small and
often covered with adipose tissue. Furthermore, inadequate lighting in
the refrigeration room, time limitations on the kill floor, and inverted
suspension of the carcasses made collection from all sites in all gilts
impossible. Visual confirmation of the supplementary sites was
possible in 66 of the 120 index gilts, and from these gilts we exceeded
our minimum sampling criteria in an attempt to strengthen our
conclusions. However, although we cannot ignore the fact that our
detection of persistently infected gilts might have been improved with
better sampling methods, the fact that the sentinel gilts remained neg-
ative throughout the study indicated either the absence of carriers or
the inability of these gilts to shed PRRSV. 

We did not attempt to document PRRSV persistence before 120 d
after infection. From our previous work (15), we hypothesized
that PRRSV would persist for up to 86 d, particularly when we used
the same isolate, concentration, route of infection, and genetic
source of pigs. Therefore, the gilts in this study were not slaughtered
until 120 d postinfection. In retrospect, the use of a positive control
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to document PRRSV persistence from days 60 to 90 postinfection
would have enhanced the study design. A proposed strength of our
study was the size of the test group; however, breeding-herd inven-
tories in the commercial swine industry are much larger, frequently
1000 to 5000 sows. Therefore, although we based our group size on
published data (14), if future studies are conducted in large breed-
ing herds, larger samples may be required to increase the sensitivity
of detecting carriers should they exist at levels of less than 2%.
Finally, owing to the sheer size, time requirements, and expense of
the study, we were able to conduct only 1 replicate.

To conclude, our results indicate that PRRSV transmission may
be limited to less than 90 d postinfection and persistence to less than
120 d postinfection in a large population of breeding-age gilts.
These results demonstrate the value of eliminating PRRSV-naïve sub-
populations, enhancing viral clearance, and preventing the shedding
of PRRSV through the exposure of an isolated, static population of
non-pregnant breeding-age gilts to a defined concentration of
PRRSV. Future studies should focus on repeating the study using
larger samples and tissue sets, as well as assessing the key immuno-
logic responses that bring about elimination of virus from the per-
sistently infected gilts between days 90 and 120 postinfection.
Answers to these issues could prove to be very helpful in control-
ling PRRS throughout the global swine industry.
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