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Summary
A control and elimination program for
porcine reproductive and respiratory
syndrome virus (PRRSV) was initiated in a
two-site, 1250-female herd with a primary
business plan of supplying replacement
females to commercial herds. Modified live
virus (MLV) PRRS vaccine was used to
control field PRRSV, which then allowed
total virus elimination from all popula-
tions. First, the adult sow population was
mass vaccinated, and the sow herd was
closed for less than 3 months. When
PRRSV-negative offspring were being

produced, the nursery was depopulated
and pigs at the nursery-finisher site were
vaccinated with MLV vaccine. After the
herd was “stabilized” (ie, exhibited no hori-
zontal or vertical PRRSV transmission),
PRRS-positive and previously exposed
animals were gradually removed, and a
naive herd was established. Polymerase
chain reaction and ELISA serological test-
ing for PRRSV were performed on a
sample of the population statistically se-
lected to detect 5% prevalence at a 95%
confidence level. However, the elimination
program deviated from the original plan by

allowing use of field-infected finisher
animals as replacement gilts. The group of
infected gilts used was monitored closely
and replaced with naive replacement gilts
when profitable market prices returned.
Statistical process control techniques were
utilized in the serologic monitoring
program.
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Porcine reproductive and respiratory
syndrome (PRRS) has played a large
role in the United States swine

industry over the past several years. It has
been ranked by producers as the second
most commonly encountered disease prob-
lem in the breeding herd1 and costs the
global swine industry great financial losses
annually.

Due to the financially devastating effects
incurred due to production losses associ-
ated with PRRS in both the reproductive
and growth phases, there has been an
increasing demand by commercial produc-
ers to purchase replacement gilts naive for
PRRS virus (PRRSV), ie, gilts from herds
in which PRRSV has not been identified or
isolated, and in which animals have repeat-
edly tested PRRS-seronegative. This has
required the implementation of PRRSV-

elimination programs in previously
PRRSV-positive replacement gilt genetic
multiplier units (ie, operations with a pri-
mary business plan of supplying replace-
ment females to commercial herds).2,3

Published elimination programs have used
methods that include herd closure,2,3 mass
vaccination with modified live virus (MLV)
vaccine,4,5 temporary off-site weaning,5

partial depopulation,6 test-and-remove
programs,7 and deliberate exposure to field
virus2 to control PRRSV activity within a
described population of animals, with the
goal of ultimately eliminating PRRSV in
that population. The use of MLV vaccines
in addition to other supporting manage-
ment techniques may improve the success
rate of control and elimination programs,
as well as minimizing disruption in
production.

There is a tremendous financial advantage
for a swine production operation, especially
a genetic multiplier, to maintain a PRRSV-
naive swine population. Probably the most
important economic advantages of elimi-
nating PRRSV are the increased productiv-
ity and efficiency that can be attained when
this virus is not present. In addition to the
enhanced reproductive performance of the
sow herd and growth of the finisher pigs,
more aggressive piglet fostering techniques
may be implemented in the farrowing
rooms as a result of lower disease pressures,
so that more and better pigs are weaned.
For multiplier herds, successful elimination
of PRRSV allows a much greater opportu-
nity for replacement gilt sales.

When discussing a PRRSV-elimination
project, several terms are used that may be
interpreted ambiguously. For the purposes
of this report, the following definitions will
be used. “Naive” refers to an animal or
population of animals that has neither been
exposed to PRRSV nor possessed PRRSV
antibody due to passive immunity. A
“negative animal” is one that has been
previously exposed to PRRSV, but has
experienced antibody decay such that sero-
logical ELISA testing (IDEXX HerdChek;
Idexx Laboratories, Westbrook, Maine)
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yields a sample:positive (S:P) ratio <0.4. An
animal may also be described as negative if
it has received maternal antibody to PRRSV,
but this antibody level has subsequently
decayed until the ELISA S:P ratio is <0.4.
A “negative population” of animals is defined
by testing a subsample of the population
statistically selected to detect a 10% sero-
prevalence at a 95% confidence level. All
tested animals must have an ELISA S:P
ratio <0.4 for the population to be consid-
ered negative. A” stable herd” is defined as
one in which clinical signs of PRRS have
not been observed and horizontal or verti-
cal shedding of PRRSV has not been
detected by serological ELISA or poly-
merase chain reaction (PCR) testing of sen-
tinel animals. A “sentinel animal” is an
animal that is naive to PRRSV and is intro-
duced into a stable population as a sensitive
indicator of horizontal virus spread. The
sentinel animal is known to have no
PRRSV antibody prior to introduction
into the herd; therefore, seroconversion in
this animal indicates exposure to PRRSV
in the population being tested.

Case description
A control-and-elimination program was
undertaken at a two-site replacement gilt
multiplier unit that had experienced an
outbreak of clinical PRRS. The program
implemented on this farm was based on
the usage of MLV PRRSV vaccine, unidi-
rectional animal flow, strict biosecurity
practices, and strategic PCR testing and
ELISA serological testing (HerdChek
PRRS ELISA). The PCR test was used for
early detection of virus activity.

This herd consisted of 1250 sows located at
the sow site, which housed all sows and
unweaned pigs. All females were bred by
artificial insemination using semen from a
PRRSV-naive boar stud. Sows were housed
in crates during breeding and gestation.

Pigs were weaned at an average of 18 to 20
days of age and were moved to the nursery-
finisher site a few miles away. This site
consisted of one building with eight nurs-
ery rooms, each housing 500 pigs, and
eight finisher rooms, each housing 1000
pigs. Pigs from two nursery rooms moved
together into a single finisher room. Pigs
were housed in the nursery for approxi-
mately 50 days and in the finisher room for
100 to 112 days. All rooms were managed
all in-all out. Females in the finisher stage
of production that met specific criteria

were sold as replacement gilts to commer-
cial farms. The remaining gilts and barrows
were sold to market.

The objectives of this project were two-fold.
The initial goal was to control field PRRSV
within the herd and stabilize the sow herd
by using MLV vaccine. After stabilization
of the herd, the second step was to elimi-
nate the virus and discontinue vaccination
in all stages of production. The ultimate
goal resulting from these two objectives
was to have only PRRSV-naive animals in
the herd.

This herd experienced a clinical PRRS
outbreak in November 1998, characterized
by late term abortions, weak pigs at birth,
and high preweaning mortality. Virus isola-
tion and ELISA tests confirmed PRRSV
activity associated with the clinical signs.
Forty sows tested by ELISA were seroposi-
tive, with S:P ratios ranging from 0.5 to
3.7. The PRRSV was isolated from piglets
exhibiting clinical signs and had a predicted
restriction fragment length polymorphism
pattern of 1-1-1.

The entire sow herd, including all adult
animals in all stages of production (ap-
proximately 1250 head), was simulta-
neously vaccinated with an MLV PRRSV
vaccine (Ingelvac PRRS MLV; Boehringer
Ingelheim Vetmedica Inc, St Joseph,
Missouri) immediately after the initial
diagnostic tests confirmed PRRSV activity,
and again 30 days later, to stimulate a
homologous immune response (Table 1).
No clinical signs were present 30 days after

the initial vaccination. Herd S:P ratios were
monitored monthly by ELISA testing of 30
selected adult females of different ages,
with the first test 60 days after the second
vaccination. Herd S:P ratios had remained
stable or declined after several monthly
samples, indicating no additional exposure
to PRRSV. Initially, all efforts were designed
to control virus activity in the sows (ie, to
stop abortions and improve piglet health at
birth by using MLV vaccine), thereby initi-
ating stabilization of the adult population
and terminating occurrence of clinical
signs. Approximately 90 days after the last
observation of clinical signs, offspring
produced from the sow herd were PRRSV-
negative, and a flow of negative pigs into
the nursery-finisher site was established.
Each month, 30 pigs were randomly selected
from different nursery rooms for PCR test-
ing, and samples were pooled (three
samples per pool) for testing. All results
were negative.

As a maintenance program, between De-
cember 1998 and March 1999, all replace-
ment animals were isolated in an on-site
separate building prior to entry into the
breeding herd and were vaccinated twice
during the isolation and acclimatization
period. Females in the breeding herd
continued to be vaccinated at weaning and
at midgestation. By mid-March, vaccina-
tion was discontinued for replacement
animals and adult females already in the
breeding herd. The herd was closed, with
no new gilt introductions between May
and July 1999. This was primarily the

Table 1: Vaccination protocol1 after an outbreak of clinical porcine reproductive
and respiratory syndrome (PRRS) in a two-site system producing replacement
gilts
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1     Ingelvac PRRS MLV; Boehringer Ingelheim Vetmedica Inc, St Joseph, Missouri
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result of market conditions and financial
constraints, but it provided adequate time
for the vaccinated animals to develop im-
munity and decreased the risk of PRRSV
shedding after vaccination was
discontinued.

Due to cost restraints and a change in the
source of replacement animals, desired
naive replacement gilts were unavailable for
purchase. It was decided to use internally
raised gilts from the herd’s PRRSV-exposed
finisher unit as replacement animals. Stud-
ies had demonstrated that PRRS-positive,
infected, unvaccinated gilts may be success-
fully incorporated into the breeding herd
without compromising herd PRRSV stabil-
ity, provided that exposure to PRRSV
occurs when the gilts are young (Scott Dee,
oral communication, June 1999). This
approach was adopted in the case herd by
introducing gilts from the finisher site into
the sow herd. Monthly ELISA testing of 10
pigs per finisher room, beginning in May
1999, confirmed that seroconversion to
field PRRSV occurred in finisher pigs at 80
to 100 days of age, which was less than a
month after placement in the finisher
room. After this early exposure, 180 gilts in
the finisher were tested at approximately
145 days of age, then 120 of these gilts
were selected for proper conformation and
were retested twice during the isolation-
acclimatization period. When the same
animal was tested three times, the ELISA
S:P ratio declined with time. Sentinel
animals placed in the isolation building
with the group of 120 infected, unvaccinated
gilts did not seroconvert (Table 2). It has
been documented that 4-month-old ani-
mals infected with PRRSV do not shed
virus to age-matched sentinels 90 days post
infection.8 In this case, selected replace-
ment gilts remained in the finisher barn
until 180 days of age, and were then
housed in the isolation-acclimatization
facilities for a minimum of 60 days. There-
fore, these animals were not introduced
into the breeding herd for at least 160 days
after initial PRRSV exposure. Although
these animals had been previously infected
with PRRS field virus, they were consid-
ered stable prior to introduction into the
breeding herd. Seronegative offspring (the
youngest pigs in the nursery) were used as
sentinels for these gilts during the isolation-
acclimatization period to detect shedding of
PRRSV.

Due to the lack of availability of naive
replacement gilts, a few naive weaned sows
were introduced into the herd from a new

source farm in November 1999. Naive
replacement gilts approximately 180 days
of age were introduced immediately after
these few naive weaned sows. In all groups
of 120 naive replacement animals, 30 were
tested by ELISA approximately 30 days
after they entered the isolation room. Once
these animals entered the sow herd, they
became sentinels to detect horizontal
PRRSV transmission. All available sentinel
animals in the herd were tested by ELISA
monthly until October 2000, when there
were enough sentinels in the herd to test
40 new sentinels per month. This testing
protocol detects 10% prevalence with a
95% confidence level. No seroconversion
of sentinel animals has been detected for
more than 3 years after replacement gilts
were first introduced.

In February 2000, 30 suckling piglets (one
piglet from each of 30 litters) were tested
for PRRSV by PCR. In addition, 30 nurs-
ery pigs were tested by ELISA. All test
results were negative, indicating that there
had been no vertical virus transmission of

PRRSV from the sows. However, serocon-
version was still occurring in the finisher.
After it was determined that the sow herd
had been stabilized and offspring remained
negative until they were placed in the
finisher, the focus of the program turned
toward elimination of PRRSV in the nurs-
ery-finisher site. All finishing pigs weighing
90 kg or more were either sold or moved
off-site, emptying three of the eight finisher
rooms. The remaining finisher pigs (ap-
proximately 5000 animals) were mass
vaccinated with Ingelvac PRRS MLV.
Thirty days later, with approximately 8000
head in the finishers, a second dose of
Ingelvac PRRS MLV was administered. All
nursery rooms were depopulated, and the
pigs were moved to the recently emptied
finishing spaces. This created a break in pig
flow prior to introduction of PRRSV-nega-
tive pigs into the nurseries. The nurseries
were thoroughly cleaned and disinfected,
and the first PRRSV-negative pigs entered
the nursery complex within 4 days after it
had been depopulated. Rooms that had

Table 2: Animal movement to eliminate porcine reproductive and respiratory
syndrome (PRRS) virus after a vaccination program1 had controlled field virus
in a two-site production system experiencing an outbreak of clinical PRRS

1     Ingelvac PRRS MLV (Boehringer Ingelheim Vetmedica Inc, St Joseph, Missouri) was
administered as described in Table 1.

2     Number of days after diagnosis of clinical PRRS outbreak in November 1998.
3     Tested by HerdChek PRRS ELISA (Idexx Laboratories, Westbrook, Maine) at 145 days

of age, before entering isolation, and twice in the isolation room; sample:positive
(S:P) ratios for individual gilts declined with successive tests.

4     Sentinels were seronegative nursery pigs 19-24 days old. Pigs remained
seronegative (HerdChek ELISA) and negative by polymerase chain reaction (PCR) for
PRRS virus when tested three more times at approximately 4-week intervals.

5     30 animals tested negative by HerdChek ELISA 30 days after entering isolation
6     Tested monthly by HerdChek ELISA; samples with S:P ratio ≥ 0.25 were retested by

ELISA and by PCR.
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been empty for 2 weeks or longer were
rewashed and disinfected just prior to
filling in order to provide a clean
environment.

By July 2000, all exposed, PRRS-positive
animals had been removed from the
finisher through normal marketing, leaving
only seronegative animals at the nursery-
finisher site. Monthly ELISA testing con-
tinued, including 40 sows and 50 finishers
(10 animals from each of five different
finisher rooms). Samples with ELISA S:P
ratios ≥0.25 were retested both by ELISA
and PCR, in order to rule out false-positive
results and to detect an early infection.

Naive replacement animals continued to be
introduced into the sow herd, while animals
that had been previously infected, vacci-
nated, or both during the original outbreak
of field virus were gradually marketed. In
1999, females that had been infected,
vaccinated, or both could not be marketed
quickly. Contributing to this were poor
market prices and low profitability, lack of
a source of naive replacement gilts, and
isolation facilities limited to housing ≤120
animals. All exposed adult animals had
been eliminated from the herd 3 years after
the initiation of the elimination program.
A summary of the vaccination protocol and
animal movement after the initial PRRSV
outbreak can be found in Tables 1 and 2.

Discussion
Statistical process control (SPC) charting
was utilized to monitor PRRSV ELISA S:P
ratios as well as herd production param-
eters. This served as a production tool for
monitoring and moving forward with
continual improvement. Specifically, SPC
charting analyzes variation in data to deter-
mine if significant signals are produced by
the production and serological data, or if
variation is due to routine deviation from
the mean. The upper and lower critical
limits, defined as standard deviations from
the mean, were recalculated when a pro-
duction change was started. The first recal-
culation occurred on the first occasion
when only naive replacement animals were
ELISA tested. The second recalculation
occurred when all females that were infected,
vaccinated, or both were removed through
marketing. Although no significant signals
were detected when SPC charting was ap-
plied to the serological results, production
parameters did exhibit signals a few times.
Signals from production issues are caused

by numerous influences, primarily season
and employee changes. Signals concerning
production issues were never a result of
PRRSV activity. Over time, the use of SPC
charting added confidence that the elimi-
nation program was progressing successfully.
As there continues to be no detection of
PRRSV in any production phase of this
herd, the elimination program was deemed
successful.

Elimination programs for PRRSV must be
structured to the capabilities of the farm
personel, facility design, strain virulence,
and the farm’s goal. This elimination
project demonstrated that an MLV PRRSV
vaccine combined with management tech-
niques controlled one field strain of
PRRSV from circulating in a large two-site
swine operation. Management techniques
included mass vaccination of populations
of animals, pig flow changes, and an
intense serological monitoring program.
Although PRRS field virus activity may
subside without use of an MLV vaccine,
vaccine was used in this case to support the
management techniques, to assure complete
success in as short a time period as possible.
Sound management practices and strict
biosecurity protocols were utilized to pre-
vent movement of PRRSV from positive to
negative populations during the control
and elimination program.2-4,6,7 Extensive
herd monitoring for PRRSV activity by
both PCR and ELISA testing was used
throughout the elimination program. Test-
ing by PCR is useful to determine exposure
of nursing piglets to PRRSV shedding by
the sow. Pigs become viremic within 24
hours post inoculation9 and therefore are
PCR-positive much earlier than they
become seropositive. A positive ELISA titer
cannot be detected until at least 10 days
post inoculation.10 Various production
stages were monitored monthly during the
elimination program in order to ensure
initial control and eventual elimination of
PRRSV. Statistical process control charting
of both production and serologic results, in
addition to monitoring for clinical signs,
were in place throughout the entire pro-
gram. Ultimately, monthly monitoring us-
ing ELISA and PCR testing and marketing
of all animals that have been infected,
vaccinated, or both, determines when the
elimination program has been successful.

On this farm, some unique situations and
challenges affected the progression of the
elimination program. There was a need to

select replacement gilts from infected,
unvaccinated gilts in the finisher when a
source of naive gilts was not available and
the market price was extremely low. The
isolation-acclimatization room proved to
be especially valuable in holding the
infected, home-raised gilts longer than the
normal 60 days, to allow for sufficient im-
munity to develop.8 This temporary
change in the program proved to be a solu-
tion for the economic situation faced at the
time, while maintaining the herd’s status to
PRRSV. The naive replacement animals
served an important role as sentinels in the
monitoring program. With the ever in-
creasing demand for PRRSV-negative
animals, veterinarians must become famil-
iar with elimination programs that result in
production of PRRS-naive pigs that may
be used as replacement animals.

Implications
• Use of MLV PRRSV vaccine sup-

ported management techniques in
controlling field PRRSV activity in
populations of females and finisher
pigs on different sites in a two-site
system, thereby producing seronegative
offspring.

• If PRRSV-elimination programs are to
be successful, they must be designed
specifically and flexibly for each
facility and production unit, and all
parts of the program must be estab-
lished before any part is initiated.

• Prolonged removal of adult females
exposed to PRRSV, vaccinated for
PRRS, or both, need not compromise
a PRRSV-elimination program.

• Options for PRRS testing for proper
diagnosis and routine monitoring,
such as PCR and serological ELISA,
must be utilized strategically and with
samples selected to provide statistically
significant results.

• Sound management practices and
biosecurity protocols contribute to the
success of a PRRSV-elimination
program.
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