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Summary
Objective: To evaluate medicated offsite weaning (MOW),partial depopula-

tion (PD), and the use of a modified live virus vaccine (MLV) as possible tech-

niques to control porcine reproductive and respiratory syndrome virus

(PRRSV).

Methods: Four groups of 30 pigs from a PRRSV-infected farm were included in

the study. Serum antibody responses to PRRSV (IFA), Mycoplasma

hyopneumoniae (Tween-ELISA), and Actinobacillus pleuropneumoniae

(BAHIA) were examined and bacteriology was performed at days 21, 35, 60,

90, 120, and 150 in all groups. We also measured average daily gain (ADG),

mortality, and incidence of cough from 10 days of age to slaughter. PigMON®

data were collected at slaughter.

Results:  MOW was the only technique able to maintain PRRSV-negative ani-

mals. PD and MLV resulted in a decrease in PRRSV seroprevalence. Even

though PD was unable to eradicate PRRSV, performance was improved after

this procedure was initiated. Differences in performance were not seen be-

tween the PD and MLV groups.

Implications: Medicated offsite weaning may be able to stop the spread of

PRRSV. Partial depopulation will reduce the decreased growth performance

associated with PRRSV. Modified-live virus vaccine did not improve perfor-

mance compared to partial depopulation in herds infected with PRRSV.
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erds infected with porcine reproductive and respiratory syn-
drome virus (PRRSV) experience reproductive losses fol-
lowed by an increased intensity of pneumonia and poor

growth in the nursery and finishing stages. The reproductive phase of
the disease can last 2-3 months, but postweaning problems tend to be-
come endemic. Some herds do not experience the clinical reproduc-
tive phase,1-5 but exhibit nursery and grow-finishing problems associ-

ated with secondary infections.6 After the onset of disease, the sow
herd usually becomes serologically stable, with low indirect fluores-
cent antibody (IFA) titers. Depending on the health status of incoming
seedstock and on management practices in the herd, the virus can stop
spreading.3

Several approaches to control PRRSV have been suggested, including
depopulation-repopulation, test and removal, multisite production,
segregated early weaning (SEW), and partial depopulation (PD).2 Par-
tial depopulation (PD) has proven very successful in eradicating dis-
ease while not dramatically affecting production, pig flow, or net profit
of the operation. The following study was conducted in an effort to
compare PD with SEW and use of modified-live virus (MLV) vaccine as
means of eradicating PRRSV, controlling secondary infections, and im-
proving production.

Materials and methods
Farm history
The trial was conducted in a 1400-sow farrow-to-finish seedstock herd
that became infected with PRRSV in 1992 (Figure 1). Endemic respira-
tory problems, diarrhea, and Streptococcus suis meningitis increased
in the nursery pigs, despite the use of antibiotics. The farm used all-in-
all-out (AIAO) animal flow in the eight farrowing and seven nursery
rooms. The mean weaning age was 21 days.

At the start of the control program (February 1993), incoming seed-
stock were quarantined before being placed in an on-farm gilt pool.
Paired serum samples were tested for PRRSV antibody by IFA to con-
firm negative or decreasing titers in the gilts during the quarantine. Se-
rological monitoring for PRRSV antibodies in the breeding herd was
also started in February 1993.

The herd was closed to incoming animals during the entire summer of
1994, which resulted in a low prevalence (<10%) of seropositive
breeding animals in September. At that time, the virus seemed to be
present only in the nursery and grow/finish pigs. A PD protocol was
implemented during September 1994. The nursery rooms, grower, and
finisher (gilt development) were washed, disinfected, and emptied for
2 weeks. However, 3 weeks later the procedure had to be repeated, as
the first attempt had failed to eliminate the virus from the nurseries.

After the second depopulation attempt, the farm started using a PRRS
modified-live virus vaccine (MLV-RespPRRS®, NOBL Laboratories,
Iowa) in all animals. Piglets received their first intramuscular vaccine
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dose at 14 days of age and a second dose at
28 days of age; all breeding stock were also
vaccinated. The piglet vaccination protocol
was continued for 2 more months (November
and December 1994), and then the breeding
herd was vaccinated every 6 months.

Experimental design
Four groups of 30 pigs were monitored from
10 days of age to slaughter. Piglets in all
groups were weaned at 21 days of age:

• control group -- These pigs followed the
normal farm flow.

• medicated offsite weaning (MOW) group -
- 150 pigs weaned at 21 days in September
1994 were placed in a mechanically venti-
lated offsite nursery unit with six pigs per
pen (University of Minnesota Experimental
Station at Waseca). Thirty of the 150 pigs were randomly selected,
ear tagged, and monitored. On arrival, all pigs were injected once
subcutaneously with 300 µg per kg ivermectin (Ivomec®, Merck)
and intramuscularly with 50 mg ceftiofur per pig (Naxcel®,
UpJohn). Tiamulin (Denagard®, Fermenta) was given at 180 ppm
in drinking water for 2 weeks.

• partial depopulation (PD) group--Thirty pigs entering the nursery
(of a total of 325 pigs) after the second PD protocol7 were ran-
domly selected, ear tagged, and monitored. Because of the use of
MLV vaccine, these animals were all seropositive at 60 days of age.
For this reason, this PD group was only monitored until the last day
before vaccination. Therefore, only nursery data will be presented
for this group.

• piglets born from vaccinated sows (MLV) group--Thirty pigs from a
group of 325 were monitored beginning at weaning in January
1995; these were not vaccinated, but were farrowed by sows that
had been vaccinated with MLV vaccine (MLV-RespPRRS®) 4 weeks
prior to farrowing.

Serological analysis
Blood samples were taken at 21 (weaning), 35, 60, 90, 120, and 150
days of age for the PRRSV IFA test.8 The breeding herd was also moni-
tored serologically during the experiment to detect virus circulation in
these animals. Tween-ELISA for Mycoplasma hyopneumoniae,9 and
blood agar hemolysis inhibition assay (BAHIA) for Actinobacillus
pleuropneumoniae APX-III and APX-II were also performed on all the
pigs’ sera.

Bacteriological analysis
All experimental pigs were swabbed in the oropharynx-tonsilar area on
days 10, 21, 28, 35, 60, and 120 of age for bacterial isolation.
Bacteriological cultures included direct plating on blood agar and on
McConkey 1% glucose agar. In addition, swabs were resuspended in a
brain heart infusion (BHI) broth, supplemented with 16 mg per 100
mL nicotine adenine dinucleotide (NAD), 3.5 µg per mL bacitracin,

and 2 µg per mL neomycin. This suspension was diluted tenfold to
10:4 and incubated overnight. The broth was then plated on blood
agar with a Staphylococcus aureus nurse streak or on 5% CO2 from
the highest dilution showing turbidity. Bacterial colonies growing on
the different media were identified using conventional microbiological
techniques.

Performance monitoring
Average daily gain (ADG), weight at 60 days, and mortality rates were
measured in all groups in the different stages of production.

PigMON® scoring system
Lesions at slaughter were scored with the PigMON® system10 in all
groups.

Cough index
Frequency of cough was measured using methods previously described8

at 21, 28, 35, 60, 90, 120, and 150 days of age. Individual coughs were
counted for periods of 3 minutes as well as 15 minutes per group. One
coughing animal represented one unit in the cough index.

Statistical analysis
Differences in ADG and weight at 60 days were analyzed by a general
linear models procedure (SAS).11 Mortality rate was evaluated using
analysis of variance (SAS). No statistical analysis was performed on the
serological data.

Results
Serological analysis

PRRSV-IFA

Pigs in the control group at 21 days of age were seronegative or had
low positive titers of a maximum of 1:64 (16.6%) (Figure 2). However,
at 60 days of age, 100% of the pigs had titers 1:256. Pigs in the MOW
group were seronegative at both 21 and 60 days of age. This group was
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then commingled in a grow-finish unit with pigs infected with PRRSV,
and became seropositive. The pigs in the PD group were seronegative
at weaning, except one pig that had a 1:64 titer. However, at 60 days of
age (prior to vaccination), seroconversion was observed in 20% of the
group. The MLV group pigs also had an intermediate seroconversion
with 44% positive animals at 60 days of age.

Mycoplasma ELISA

Control group pigs had seroconverted at 60 days of age. Medicated
offsite weaning and MLV group pigs were seronegative at 60 days of
age, seroconverting by 120 days of age (Figure 3). The PD group had
not seroconverted at 60 days of age, which was the last time they were
monitored.

A. pleuropneumoniae BAHIA

In all groups passive antibodies were detected until 35 days of age.
Seroconversion was not observed in the grow-finish stage (Figure 4).

Bacteriological analysis
Streptococcus suis, Bordetella bronchiseptica, and Actinobacillus
suis were isolated in all groups with differences among age and
frequency of isolation (Table 1). Actinobacillus pleuropneumoniae
serotype 1 and Salmonella choleraesuis were isolated at day 100, but
only in necropsied animals belonging to the control group. In the PD
group, Haemophilus parasuis was isolated in a 50-day-old
necropsied animal.

Performance monitoring
Mortality rates during the nursery stage did not differ signficantly
among the four treatment groups (Figure 5). In grow-finishing pigs,
mortality was significantly higher in the control group than in the MOW
or MLV groups (P < .005).

In the nursery stage, ADG was significantly lower in the control group
than all other groups (P < .02) (Figure 5). MOW pigs in the nursery
stage had significantly better ADG than all other groups (P < .02).

Weight of the animals at 60 days of age also differed significantly
among all the treatment groups, with control pigs having the lowest
weights (P < .02). The pigs in the MOW group had the highest weight
at 60 days of age (P < .0002) (Figure 5).

PigMON® scoring system
Prevalence of enzootic pneumonia (EP) was highest in the control
group pigs at slaughter (Table 2), and lowest in MOW pigs. Lung
lesions were less severe in pigs in the MLV treatment group, and most
severe in the control pigs.

Cough index
Pigs in all groups showed an increase in the cough index during the
grow-finish stage (Figure 6). Control and MOW animals had the high-
est indexes. However, the cough index per animal was low in all
groups, suggesting that pneumonia was not an important clinical prob-
lem in this herd..

Figure 2
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Discussion
PRRSV
The clinical history and diagnostic results indicate that PRRSV was
spreading within the herd after the PD procedure. In the first PD
attempt, the nursery rooms were washed and disinfected only once.
However, the exhaust fans had not been turned off during the disinfec-
tion process. Post-disinfection inspection revealed that the pits had not
been properly washed and flushed. Fecal debris was found in the pits
and on the wood boards that had been placed on the floor for creep
feed. Fecal samples from these sites were taken to the University of
Minnesota Diagnostic Laboratory, which failed to isolate virus. Second
and third washing and disinfections were then completed in nursery
rooms 4, 5, 6, and 7 with the wood boards kept in the rooms.
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However, pigs that later entered these rooms slowly seroconverted to
PRRSV. Fecal debris could have protected the virus from the disinfec-
tants, and the wood boards might have been virus reservoirs between
groups, although viral isolation attempts from these materials were
negative.

Another possible cause of the recirculation of PRRSV in the herd was
building design. There is a common hallway among all buildings of the
farm. Pregnant gilts go from the gilt pool to the gestation barn through
this hallway, which is next to the nursery rooms. The virus could also
have been carried on fomites by personnel from nursery rooms 1, 2, 3,
which housed infected animals, to the rest of the nursery rooms 4, 5,
6, and 7. The distance between the gilt barn and the nursery rooms
was approximately 15 meters. The exhaust fans of the gilt barn were
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Table 1

Bacteriological isolation

* Isolated at necropsy
NT Not tested
MOW Medicated offsite weaning
PD Partial depopulation
MLV Piglets born from sows vaccinated with modified-live vaccine (MLV-RespPRRS®)

set from East to West, and the ventilation in the nursery rooms was
from North to South, which makes airborne transmission improbable.

The normal flow of labor was always from younger to older animals.
Furthermore, footbaths were used among rooms during and after the
PD protocol and labor traffic was restricted. These procedures would
tend to minimize transmission, but only if they were strictly followed by
the farm personnel. On the other hand, there were no facilities to allow
personnel to wash their hands between rooms, which could also have
been a means of transmission.

The presence of incoming seedstock may be the most likely explana-
tion for the failure to eliminate virus in this farm. Gilts taken off the
farm at the beginning of the depopulation period were brought back to
the breeding barn 4 weeks later. Titers to PRRSV of 1:256 were found
in seven of 13 of these animals. When IFA titers are trending upward
and reach >1:256, it strongly suggests viremia, indicating that these
gilts could have been the source of reinfection of susceptible animals
in the breeding herd.

Sows with high constant serum titers (>1:256) were found in the ges-
tation barn. These animals could have been carriers and shed the vi-
rus, even though they were negative to virus isolation from serum.
Some experiments have demonstrated that virus can be isolated from
the palatine tonsils for periods of up to 157 days post-infection, 134
days after the last isolation of virus from serum.6 Also, transmission of
PRRSV by pigs infected as long as 15 weeks earlier has been re-
ported.12 Alternatively, these high titers in multiparous sows could be
caused by reinfection of immunodeficient adult animals or of animals
whose immunity had decayed sufficiently to leave them vulnerable to

reinfection; however, this explanation is only likely if we accept PRRSV
immunity as temporary.

The existence of different field and virulent strains could be the reason
for the re-appearance of clinical episodes in previously infected herds.

Herd size can be a determining factor in the success of a PD. Large
herds (>1000 sows) have higher possibilities of maintaining an en-
demic PRRSV infection. If some animals in the gestation barn had es-
caped original exposure to the virus, it could result in the presence of
small pockets of infected subpopulations in the gestation barns. In
these large endemic herds with low virus circulation, it is possible that
some gilts could have reached reproductive age without having been
infected.

The MLV group of weaned pigs had a slow seroconversion, even
though they were farrowed by vaccinated sows. Pigs were negative to
an IFA-IgG test at 21 days of age. At 35 days of age some animals
seroconverted, suggesting that these pigs were infected with PRRSV. In
this specific herd, sow vaccination did not appear to protect the piglets
in the nursery stage or delay the age at infection, as the prevalence of
PRRSV infected animals was similar between both PD and MLV groups
following the PD protocol These results suggest that the production
benefits obtained can be attributed solely to the PD protocol, and not
to vaccination.

Growth performance
Even though the PRRSV infection persisted, the PD protocol appeared
to result in improved ADG at least while the pigs were in the nursery
stage and not commingled with pigs from infected sources.
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Bacteriology
Fewer bacteria were isolated in pigs after the PD protocol and during
the segregation of the MOW group. However, these differences in isola-
tion frequency could also be attributed to swabbing and to the low sen-
sitivity of these bacteriological techniques.

Actinobacillus suis was isolated in all groups at early ages, which in-
dicates the importance of this emerging pathogen in high-health farms.

Meningitis, apparently associated with S.suis, diminished after the PD
protocol. A reduction in both the use of antibiotics and in the number
of poor-doing pigs was also observed.

Mycoplasma hyopneumoniae appeared to be eradicated from the
nursery in the MOW, PD, and MLV groups, as suggested by sero-
conversion age. Seroconversion to this microorganism usually takes
place 4 to 7 weeks after infection. The control group seroconverted at
the end of the nursery stage, suggesting infection of some animals in

the farrowing rooms, with a consequent dis-
semination into the nursery rooms.

Although the mean weaning age was 21 days,
M. hyopneumoniae appeared to be elimi-
nated from the MOW, PD, and MLV groups. A
lower prevalence of microorganisms resulted
in a lower number of colonized pigs. This
lower colonization would presumably not
produce clinical signs and seroconversion.
Clark, et al.,13 also found that pigs housed
separately have low levels of Mycoplasma in-
fection. Mycoplasma control by segregation
of PD is variable, however, since many out-
breaks of delayed mycoplasma pneumonia
have recently been reported in SEW herds.

Coughing
Bahnson, et al.,14 reported a positive correla-
tion between enzootic pneumonia lesions and
cough. In this experiment, the cough episodes
were not very common on clinical inspec-
tions, suggesting a low level of disease.

Pigs in the MOW group remained seronega-
tive throughout the nursery stage, perhaps be-
cause fewer animals (150) were used in this
group, thereby reducing the possibility of hav-
ing infected pigs coming from a farm in which
the vast majority of sows were negative. These
MOW pigs were probably derived from nonin-
fected sows, a fact which, in addition to the
benefits of segregated weaning, led to the best
performance among the three groups. These
production improvements were lost when this
group was commingled with conventional
animals.

Implications
• It appears that to maintain the benefits of MOW, segregation should

be maintained all the way to market.
• Only MOW was able to maintain animals free of PRRSV.
• Even though the PD protocol in this farm did not eradicate PRRSV,

the reduced need for antibiotics in this group suggests that it may be
a useful strategy.

• The group farrowed by vaccinated sows with the MLV-vaccine did
not have any additional benefits compared with the PD group, sug-
gesting that MLV-vaccination of sows does not result in improved
productivity of their litters.
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Figure 6

Cough index results

Table 2

Necropsy results
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