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Summary
Objective: To summarize procedures uti-
lized to derive piglets negative both for
porcine circovirus type 2 (PCV2) and for
antibody to PCV2, from PCV2-positive
breeding herds.

Methods: Sow herds were screened for
antibodies to PCV2 by ELISA, with
sample-to-positive (S:P) ratios ≥ 0.2 con-
sidered positive. Piglets were obtained by
segregated early weaning (SEW) at 10 to
12 days of age. Maternal anti-PCV2 anti-
body was determined by testing weekly
blood samples by ELISA and indirect
immunofluorescence assay. Absence of
PCV2 was determined by polymerase

chain reaction (PCR) on weekly serum
samples and by PCR and immunohis-
tochemistry assays on lymphoid tissues col-
lected at necropsy (8 to 15 weeks of age).

Results: Piglets negative for PCV2 by PCR
and for anti-PCV2 antibody were derived
from PCV2-positive breeding herds. Mean
PCV2-antibody half-life in weanlings was
estimated to be 19.0 days (95% confidence
intervals, 17.6 and 20.3 days). Passively
acquired PCV2-antibody present at 10 to
12 days of age declined to S:P ratios < 0.2
by 4.9 ± 1.2 weeks of age in piglets with
S:P ratios ≥ 0.2 and < 0.6; by 8.1 ± 1.9 weeks
in piglets with S:P ratios ≥ 0.6 and ≤ 1.0;
and by 11.1 ± 2.5 weeks in piglets with S:P

ratios ≥ 1.0. Pigs kept in isolation re-
mained PCV2-negative by PCR and
ELISA through 8 to 15 weeks of age.

Implications: SEW may be an effective
technique to derive PCV2-negative piglets
from positive breeding herds.
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Postweaning multisystemic wasting
syndrome (PMWS) is a disease
complex characterized by wasting

and pneumonia in pigs 5 to 12 weeks old.1

The hallmark lesions of PMWS are lym-
phoid depletion and histiocytic replacement
of follicles associated with porcine circovirus
type 2 (PCV2) antigen.2 Transmission of
PCV2 is thought to occur through direct
contact via oronasal, fecal, and urinary
routes.3,4 Vertical transmission has been
demonstrated in individual sows in the
field5,6 and experimentally.7 There is ex-
perimental3 and field8,9 evidence that PCV2
may establish persistent infection in pigs.

Serological surveys in England10 and North
America11 found that nearly all swine herds

are infected with PCV2. However, detection
of antibodies to PCV2 is not necessarily
indicative of disease prevalence. Diseases
associated with PCV2, such as PMWS, are
seen in a relatively low percentage of herds
infected with PCV2.1 It has been reported
that pigs with sample-to-positive (S:P) ratios
of at least 0.6 in an ELISA, using as anti-
gen an open reading frame 2 (ORF2) PCV2
capsid protein, are protected against infec-
tion by PCV2 and development of
PMWS.12,13

The study described here indicates that,
under research conditions, pigs negative
both for PCV2 and antibodies against
ORF2 of the virus can be derived from

PCV2-positive breeding herds. This infor-
mation may be extrapolated to the field for
purposes of establishment of PCV2-free
herds.

Materials and methods
Screening of breeding herds for
PCV2 by ORF2 ELISA
Screening of blood samples for PCV2-
specific antibodies was performed using an
ELISA based on a recombinant ORF2
capsid protein as previously described.13

An S:P ratio of ≥ 0.2 was considered posi-
tive (sensitivity = 78.2%; specificity =
99.6%), and an S:P ratio of < 0.12 was
considered negative (sensitivity = 90.7%;
specificity = 93.2%).13 Values between
these S:P ratios were considered suspect for
PCV2 antibody. For simplification, the 0.2
cutoff was used to separate seronegative
and seropositive piglets in this study.

Six US breeding herds, designated Herds A
to F, were screened by testing the dams
(sows and gilts) from which pigs were de-
rived approximately 7 to 10 days prior to
farrowing, except in the case of Herd B. In
Herd B, only gilts were tested, and samples
were collected 5 months prior to farrowing.
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None of the herds tested had a history of
PMWS or PCV2-associated disease. The
number of sows on each farm randomly
selected for screening ranged from 12 to
43, depending on how many piglets were
needed for our experiments and how many
sows were in the batch ready to farrow at
the time piglets were needed.

Selection of dams for derivation of
piglets
Where parity information on the dams was
available (Herds A, C, D, E, and F), ORF2
ELISA S:P ratios of the dams were compared
by parity. Sows within herds were divided
into three categories on the basis of prefar-
rowing ORF2 ELISA results. Category 1
included negative sows (S:P ratio < 0.2),
Category 2 included sows with S:P ratios ≥ 0.2
and < 0.6, and Category 3 included sows
with S:P ratios ≥ 0.6. Dams were selected
for derivation of piglets from either Cat-
egory 1 or 2. No cross-fostering of piglets
was allowed.

Segregated early weaning
The selected piglets were weaned at 10 to
12 days of age and moved to the Livestock
Infectious Disease Isolation Facility at Iowa
State University (Ames, Iowa) where they
were housed. On the day of weaning,
blood samples were collected from the an-
terior vena cava, using a single-use blood
collection system (Vacutainer; Becton
Dickinson, Franklin Lakes, New Jersey),
and tested by ORF2 ELISA. Piglets were
randomly assigned to groups and rooms
independent of ORF2 ELISA S:P ratios.
Handling and housing was the same for all
piglet groups. All people entering rooms
were required to shower in, put on laun-
dered coveralls, and wear latex gloves when
touching piglets. The piglets were kept on
raised wire decks, with feed and drinking
water provided ad libitum. Airflow was
unidirectional (positive pressure), with 10
to 15 air changes per hour.

Monitoring PCV2 status through
15 weeks of age
Randomly selected ELISA-negative samples
from 10- to 12-day-old piglets were tested
by indirect fluorescent antibody (IFA) assay14

to confirm results. Sera were tested at
weekly intervals for PCV2-specific nucleic
acids by regular polymerase chain reaction
(PCR) and quantitative real-time PCR,
using different primer annealing sites as
described previously.15,16 At the time of
necropsy, performed when pigs were 8 to 15
weeks of age depending on the experiment,

lymphoid tissues (lymph nodes, spleen,
tonsil, and thymus) were collected in 10%
formalin, routinely processed, and tested
for PCV2-antigen by immunohistochemis-
try (IHC) as previously described.17 In addi-
tion, blood was collected for ORF2 ELISA
testing, and selected lymph nodes were col-
lected, stored at -80˚C, and tested by PCR
for PCV2-specific nucleic acids.

PCV2 antibody half-life calculation
and monitoring of passive antibody
decay
The rate of maternal PCV2 antibody decay
was determined as previously described.18

A linear regression curve was fitted to the
natural logarithms (ln) of the ORF2 ELISA
data of 199 randomly selected piglets. The
equation h = - (ln 2) ÷ b was used to estimate
the antibody half-life, where h is the esti-
mated half-life of antibody and b is the
slope of the regression line. Antibody half-
life of PCV2 antibodies was determined
separately for each piglet, and the mean
half-life was used as a point source estimate.
The 95% confidence interval was calculated
on the mean half-life.

For the purpose of following passive anti-
body decay, the ELISA S:P ratios of the
piglets at 10 to 12 days of age were separated
into four categories. Category 1 included
seronegative piglets (S:P ratio < 0.2), Category
2 included piglets with low levels of PCV2
antibodies (S:P ratio ≥ 0.2 and < 0.6), Cat-
egory 3 included piglets with moderate
levels of PCV2 antibodies (S:P ratio ≥ 0.6
and < 1.0), and Category 4 included pig-
lets with high levels of PCV2 antibodies
(S:P ratio ≥ 1.0). The mean category values
were calculated, and passive PCV2-antibody
levels were followed over time to determine
antibody decay.

Animals and experimental groups
Individual groups of piglets were obtained
from Herds A to F for use in several experi-
mental PCV2-inoculation trials performed
over a 2-year period. Details of the studies
have been described previously.16,19–21

From the time of PCV2 inoculation until
necropsy, this report focuses only on the
noninfected negative control piglets in
these experiments.

Herd A: A total of 98 piglets were obtained
from Herd A and brought to the research
facility in two batches 3 weeks apart. All
piglets were serologically monitored until 6
weeks of age. Negative controls were moni-
tored serologically each week until necropsy:

61 pigs were monitored to 10 weeks of age,
40 pigs to 12 weeks of age, and nine pigs
to 15 weeks of age.

Herd B: Seventy-one piglets were obtained
from Herd B. All piglets were serologically
monitored until 6 weeks of age. Negative
controls were monitored serologically each
week until necropsy: 28 pigs were moni-
tored to 10 weeks of age, and 14 pigs to 13
weeks of age.

Herd C: Seventy-eight piglets were ob-
tained from Herd C. All piglets were sero-
logically monitored until 8 weeks of age.
Negative controls were monitored serologi-
cally each week until necropsy at 14 weeks
of age (n = 10).

Herd D: One hundred twenty-six piglets
were obtained from Herd D. All piglets
were serologically monitored until 9 weeks
of age. Negative controls were monitored
serologically each week until necropsy: 34
pigs were monitored to 9 weeks of age, and
16 pigs to 11 weeks of age.

Herd E: Ninety piglets were obtained from
Herd E. All piglets were serologically moni-
tored until 6 weeks of age. Necropsies were
not performed on pigs in this group.

Herd F: Forty-one piglets were purchased
from Herd F. All piglets were serologically
monitored until 5 weeks of age. Negative
controls were monitored serologically each
week until necropsy: 16 pigs were moni-
tored to 8 weeks of age, and 11 pigs to 11
weeks of age.

Statistical analysis
Summary statistics were calculated to assess
the overall quality of the ORF2 ELISA S:P
ratios. Welch analysis of variance (ANOVA)
was used for parity comparison and for
continuous data with unequal standard
deviation. The rejection level for the null
hypothesis was .05. The R-squared statistic
was used to determine what proportion of
the total S:P ratio variation of the piglets
was explained by the S:P ratio of the dams
with S:P ratios < 0.6.

Results
Sow herd PCV2 antibody profiles
Most breeding herds and most sows across
parities within herds were seropositive for
PCV2 antibodies by ORF2 ELISA (Table
1). There was no difference between high
and low parity sows in terms of S:P ratios.
The incidence of PCV2 ORF2 antibodies
and the within-herd distribution of S:P
ratios in the six sow herds are summarized
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in Figure 1. In the selected herds, 50 to 85%
of dams had S:P ratios ≥ 0.6, 15 to 42%
had S:P ratios ≥ 0.2 and < 0.6, and 0 to
8% were seronegative. Among all breeding
herds screened, only one herd (Herd B)
was seronegative by the ORF2 ELISA. In
this case, all animals tested were gilts, and
they were tested prior to breeding and not
retested 7 to 10 days before farrowing as
for sows from the other five herds.

Transfer of passive antibodies from
the dams to their offspring
Similar passive antibody transfer data were
obtained from all sow herds. Results for
sows and piglets are summarized in Table 1.
Within the same litter, some individual
piglets had up to two to three times higher
S:P ratios than their dams, whereas others
were seronegative (Figure 2). The r2 for sow
S:P ratios and piglet S:P ratios was 0.13, ie,
13% of the variation in the piglets’ S:P ra-
tios was explained by the sow S:P ratios (P
< .001). Overall, there was limited predict-
ability of passive PCV2 antibody levels in
piglets obtained from sows with S:P ratios
< 0.6.

Maternal antibody decay in piglets
and PCV2 antibody half-life
A total of 504 piglets were derived from
Herds A to F. Among all piglets, the PCV2
antibody levels at weaning (10 to 12 days
of age) were below the ELISA cutoff in 175
piglets (34.7%); within the lower S:P range
(≥ 0.2 and < 0.6) in 202 piglets (40.1%);
moderate (≥ 0.6 and < 1.0) in 93 piglets
(18.5%); and high (≥ 1.0) in 34 piglets
(6.7%). The individual distributions of S:P
ratios of the piglets in each herd at weaning
are summarized in Figure 3.

Within the observation periods, titers of
passively acquired PCV2 antibodies de-
clined in all piglets, and none of them
seroconverted. The mean antibody half-life,
based on declining ELISA S:P ratios in 199
pigs from Herds A to F, was 19.0 days. The
95% confidence intervals for the mean half-
life were 17.6 and 20.3 days. In the group
with S:P ratios ≥ 0.2 and < 0.6 at weaning
(n = 202), pigs became seronegative at 3
(n = 7), 4 (n = 96), 5 (n = 33), 6 (n = 44),
7 (n = 13), and 8 weeks of age (n = 9), re-
spectively. Piglets with S:P ratios ≥ 0.6 and
< 1.0 (n = 93) became seronegative at 4
(n = 9), 5 (n = 2), 6 (n = 9), 7 (n = 1), 8
(n = 32), 9 (n = 18), 10 (n = 13), and 11
weeks of age (n = 9), respectively. Piglets
with S:P ratios ≥ 1.0 (n = 34) became se-

dreH detsetsmadlatoT smaddetceleS stelgiP
n oitarP:SnaeM n oitarP:SnaeM n oitarP:SnaeM

A 62 487.0 ± 75.0 31 682.0 ± 31.0 89 183.0 ± 14.0
B 21 610.0 ± 30.0 21 610.0 ± 30.0 17 202.0 ± 03.0
C 33 719.0 ± 82.0 8 525.0 ± 91.0 87 836.0 ± 33.0
D 04 100.1 ± 75.0 91 615.0 ± 02.0 621 436.0 ± 63.0
E 34 937.0 ± 43.0 21 253.0 ± 41.0 09 163.0 ± 13.0
F 34 939.0 ± 93.0 5 734.0 ± 02.0 14 533.0 ± 22.0

Table 1: Mean sample-to-positive (S:P) ratios ± SD of selected dams 7 to 10
days prefarrowing1 and their piglets at 10 to 12 days of age, tested by ELISA2

for porcine circovirus type 2 (PCV2)

1     In Herd B, all dams tested were gilts that were tested 5 months prior to farrowing.
2    ELISA using as antigen open reading frame 2 PCV2 capsid protein. An S:P ratio of ≥

0.2 was considered positive.

Figure 1: Distribution of sample-to-positive (S:P) ratios in randomly selected
sows tested by ELISA for porcine circovirus type 2 (PCV2) in six US swine
breeding herds. Numbers of sows: Herd A, n = 26; Herd B, n = 12; Herd C, n =
33; Herd D, n = 40; Herd E, n = 43; and Herd F, n = 43. The ELISA used as antigen
open reading frame 2 PCV2 capsid protein. An S:P ratio of ≥ 0.2 was considered
positive. Dams in each herd were divided into three categories on the basis of
the ELISA results: those with S:P ratios < 0.2, those with S:P ratios ≥ 0.2 and < 0.6,
and those with S:P ratios ≥ 0.6.
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10 days postpartum and their piglets (unshaded bars) tested at 10 to12 days of
age by ELISA for porcine circovirus type 2 (PCV2). The ELISA used as antigen
open reading frame 2 PCV2 capsid protein. An S:P ratio of ≥ 0.2 was considered
positive.
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results of ELISA and IFA serological test-
ing, PCR on serum and selected lymph
nodes, and IHC on lymphoid tissues.

Piglets that were experimentally infected with
PCV2 (n = 355) seroconverted within 2 to
4 weeks post challenge and developed PCV2-
associated lymphoid depletion and histiocytic
replacement of follicles characteristic of
PMWS as previously described.16,19–22

PCV2 antigen was detected by IHC in
lymphoid tissues associated with lesions,
and PCV2-nucleic acids were detected by
PCR on serum samples (data not shown).

Discussion
The objective of this report was to summa-
rize the evidence from several experiments
that piglets free of PCV2 and antibody to
PCV2 can be derived from PCV2-positive
breeding herds representative of US swine
production. Recently, it has been demon-
strated that PCV2-free pigs can be derived
by cesarean-section and colostrum depriva-
tion.23 The results of the study summarized
here confirm that segregated early weaning
(SEW) techniques may also be used for
derivation of PCV2-free pigs.

In this study, for the purpose of deriving
PCV2-free piglets for research trials, several
breeding herds were screened for PCV2
antibodies, and most were positive. Only
one breeding herd was seronegative, and
these results were based on testing 12 gilts
in one farrowing batch.

The use of SEW allowed us to obtain 504
PCV2-free piglets from six seropositive
breeding herds with no history of PMWS
or PCV2-associated disease. Passive PCV2
antibodies in the piglets, detected by the
ORF2 ELISA, decayed to negative levels.
The PCV2-negative status of 149 of these
pigs was confirmed by PCR on serum and
selected lymphoid tissues, as well as by
IHC on lymphoid tissues. Most pigs were
kept until 10 to 15 weeks of age, and none
seroconverted during the observation
period.

In contrast to reports of vertical intrauterine
transfer of PCV2 resulting in viremic or
persistently infected piglets at birth,24 vire-
mia was not detected in these piglets,
which were tested weekly by PCR on sera.
It has been suggested that piglets can be
infected in utero or during the first days
after birth.5,6 Vertical PCV2 infection may
not always cause fetal death, and virus, an-
tibody, or both were detected in clinically

Figure 3: Distribution of sample-to-positive (S:P) ratios in piglets derived from
six different breeding herds, tested at weaning (10–12 days of age) by ELISA for
porcine circovirus type 2 (PCV2). The ELISA used as antigen open reading frame
2 PCV2 capsid protein. An S:P ratio of ≥ 0.2 was considered positive. Numbers of
piglets: Herd A, n = 98; Herd B, n = 71; Herd C, n = 78; Herd D, n = 126; Herd E,
n = 90; and Herd F, n = 41. Piglets in each herd were divided into four categories
on the basis of the ELISA results: those with S:P ratios < 0.2, those with S:P ratios
≥ 0.2 and < 0.6, those with S:P ratios ≥ 0.6 and < 1.0, and those with S:P ratios
≥ 1.0.
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Figure 4: Decay of maternal porcine circovirus type 2 (PCV2) antibody in
piglets tested weekly by ELISA, which used as antigen open reading frame 2
PCV2 capsid protein. A sample-to-positive (S:P) ratio of ≥ 0.2 was considered
positive. Pigs were divided into four categories on the basis of ELISA results on
samples collected at weaning (10-12 days of age). Group 1, S:P ratio < 0.2 (n =
25); Group 2, S:P ratio ≥ 0.2 and <0.6 (n = 48); Group 3, S:P ratio ≥ 0.6 and < 1.0
(n = 38); and Group 4, S:P ratio ≥ 1.0 (n = 9).

ronegative at 5 (n = 2), 9 (n = 7), 10 (n = 6),
11 (n = 1), 12 (n = 8), 13 (n = 4), 14 (n = 3),
and 15 weeks of age (n = 3), respectively.
Antibody levels waned below cutoff levels
by 4.9 weeks of age for piglets with low
levels of passive antibodies at weaning
(95% confidence intervals, 4.8 and 5.1
weeks), at 8.1 weeks of age for piglets with
moderate levels of passive antibodies at
weaning (95% confidence intervals, 7.7
and 8.5 weeks), and at 11.1 weeks of age
for piglets with high levels of passive anti-

bodies at weaning (95% confidence inter-
vals, 10.3 and 12.0 weeks). The antibody
decay of 113 pigs is summarized in Figure
4 and represents a typical passive antibody
decay curve.

A total of 149 pigs remained segregated
and experimentally uninfected, and were
necropsied at 8 (n = 5), 9 (n = 18), 10
(n = 35), 11 (n = 27), 12 (n = 31), 13
(n = 14), 14 (n = 10), and 15 (n = 9) weeks
of age, respectively. All pigs were free of
PCV2 antibody and virus on the basis of
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normal piglets.25 It is possible that pas-
sively acquired antibody may suppress
PCV2 replication until maternal antibody
levels wane and the pigs become viremic.
The data obtained in our repeated experi-
ments do not support this hypothesis, since
all pigs remained seronegative after waning
of maternal antibodies.

Transmission routes for PCV2 have not yet
been fully investigated. The absence of vi-
rus in our pigs may have been due to the
carefully controlled environment of the
pigs, ie, we can rule out possible transmis-
sion by means of semen, equipment, cloth-
ing, birds, or rodents in these pigs.

We observed differences in the passive
antibody levels within litters. These differ-
ences may account for the temporal vari-
ability of onset and endemic manifestation
of PCV2-associated diseases in many herds.
Direct comparison of dam and piglet
PCV2 ORF2 ELISA results (Figure 2) sug-
gested that sows with higher S:P ratios
tended to have piglets with higher passive
antibody levels, and sows with lower S:P
ratios tended to have piglets with lower S:P
ratios. However, testing was limited to se-
lected dams in the categories with lower
S:P ratios. Besides the effect of the sow on
the passively transferred antibodies, there
might also be a piglet effect, such as failure
of colostrum uptake. This might in part
explain the lack of maternal antibodies in
some piglets derived from seropositive
dams (14.1% derived from Herd C, and
8.7% derived from Herd D).

In the United States, clinical PMWS is
most often observed in pigs 8 to 12 weeks
of age, and, on the basis of experimental
models,16,19–22 the pigs are probably infected
7 to 21 days prior to this time. Our results
indicate that in piglets weaned at 2 weeks
of age, PCV2 maternal antibody decays
below ORF2 ELISA cutoff values by ap-
proximately 4.9 ± 1.2 weeks of age in pig-
lets with low levels of antibody at weaning
(S:P ratio < 0.6), by approximately 8.1 ± 1.9
weeks of age in piglets with moderate levels
of antibody at weaning (S:P ratio ≥ 0.6 and
< 1.0), and by approximately 11.1 ± 2.5
weeks of age in piglets with high levels of
antibody at weaning (S:P ratio > 1.0).

It has been demonstrated that pigs with
ELISA S:P ratio > 0.6 are protected from
developing PMWS.12,26 Piglets with lower
S:P ratios are therefore at a higher risk for
PCV2 infection at an early age. In herds

with PMWS, dams with high S:P ratios
could be selected to obtain piglets passively
protected for a longer time period. However,
lack of maternal antibodies is certainly not
the only important factor in the pathogenesis
of PMWS. Colostrum-deprived, gnotobiotic
pigs experimentally inoculated with PCV2
alone did not develop clinical disease.27,28

Other factors, such as coinfections20,29 or
certain vaccination protocols,16 may en-
hance PCV2 infection and must also be
considered.

The results of this study may be useful to
veterinarians and producers planning to
establish a PCV2-free herd. A uniform
within-herd distribution of PCV2 antibody
in dams might be achieved in the future
with use of PCV2 vaccines, resulting in
more uniform antibody levels in piglets
and appropriate timing of vaccination in
growing pigs.

Implications
• Under the conditions of this study, in

six breeding herds with no history of
PCV2 infection or clinical PMWS,
50% or more of sows randomly tested
by serum ELISA had moderate-to-
high levels of antibody to PCV2.

• Individual sows with PCV2 ELISA
S:P ratios below or close to the
positive cutoff (< 0.2) were identified
in every herd tested.

• Differences in amount of transfer of
maternal anti-PCV2 antibody were
observed among piglets within litters.

• Under the conditions of this study, the
higher the PCV2 ELISA S:P ratio at
weaning, the older the pig when the
S:P ratio declined below the positive
cutoff value.

• Under the conditions of this study,
SEW-derived pigs remained free of
PCV2-specific antigen and nucleic
acids until at least 15 weeks of age.

• SEW may be an effective technique to
derive PCV2-free piglets from positive
breeding herds for research or
commercial production.
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