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Abstract : Porcine circovirus-2 (PCV2) has been implicated in many clinical diseases/syndromes that are now referred
to as PCV-associated diseases (PCVAD). Due to significant economic losses caused by PCVAD, many swine operations
have launched extensive monitoring programs for PCV2. Traditional serum sampling is, however, rather expensive
and laborious, hampering effective large scale pathogen surveillance. A field-based longitudinal study was conducted
to assess the utility of pen-based oral fluid sample as an alternative to serum for herd PCV2 testing. Six pens (25
pigs/pen) at each of 3 different sites were used in the study. One oral fluid and 5 random serum samples per pen
were collected at 3, 5, 8, 12, and 16 weeks of age, and the sera were pooled by pen for testing. All samples were
tested for PCV2 by real-time PCR and for antibodies by indirect fluorescent antibody test (for both anti-PCV2 IgG
and IgA) and 3 ELISA assays (blocking ELISA, indirect ELISA, and IgG/IgM sandwich ELISA). PCV2 DNA was
detected in oral fluid samples sporadically until 8§ weeks and in all pens at 16 weeks. PCV2-specific IgG was detected
in oral fluid samples at 3 weeks and persisted until 5 to 8 weeks in all sites. Anti-PCV2 IgG and IgA were detectable
in oral fluid samples collected at 16 weeks from all of the pens at 1 site. The detection of PCV2 and anti-PCV2
antibody in oral fluid samples correlated positively with results on pooled sera, suggesting that oral fluids can be a
cost-effective alternative to serum for herd monitoring of PCV2 infection.
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Introduction

Porcine circovirus-2 (PCV2; family Circoviridae, genus
Circovirus) is a nonenveloped virus with single-stranded
circular DNA (2). Infection with PCV2 has been implicated in
many clinical diseases/syndromes, which are now commonly
referred to as PCV-associated diseases (PCVAD) (14), such as
postweaning multisystemic wasting syndrome (PMWS) (13,23),
porcine dermatitis and nephropathy syndrome (PDNS) (31,35),
proliferative or ulcerative enteritis, abortion, and pneumonia
(1,14). Epidemiological data has demonstrated that PCV2
infection is widespread in the pig population but only a few of
the infected pigs manifest PCVAD (34). In addition, the virus
has been detected in pigs from both PMWS-affected and -
nonaffected farms (6,19,29). Although the detection of PCV2
or virus-specific antibodies in clinical samples without clinical
and pathological assessment is not considered to be diagnostic
of PCVAD (14,32), several studies have demonstrated that the
level of PCV2 in serum and tissues tends to be significantly
higher in clinically affected pigs than in healthy pigs (4,20,22).

Recently, a severe form of PCVAD caused significant eco-
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nomic losses to the swine industry (8,10,14,33,37). In response,
commercial PCV2 vaccines have been made available to swine
practitioners and producers (16). Many swine operations have
launched an extensive and proactive monitoring program for
early detection of PCV2 infection and/or to determine the time
for prophylaxis.

Traditionally, herd monitoring uses sera for testing. How-
ever, serum sampling is rather expensive and laborious and
often hampers large scale pathogen surveillance. Oral fluid
samples, which are composed of saliva, crevicular fluid (i.e.,
fluid from the crevice between the teeth and gums), membrane
transudates, and food residues, have been suggested as an alter-
native sample to serum for detecting agents and/or pathogen-
specific antibody (9,15,21). Oral fluid samples enriched in
crevicular fluid and membrane transudates contain a relatively
high level of immunoglobulin G (IgG) and could reflect the
level of antibodies in serum (7,12,15). Since oral fluid (or
saliva) collection is rapid, noninvasive, and less objectionable
to patients, it has been successfully applied to the detection of
antibody against Human immunodeficiency virus (HIV), Hepa-
titis C virus (HCV), and Human papillomavirus (HPV) (7,15).
A recent study demonstrated the usefulness of oral fluid sam-
ples for detection of Porcine reproductive and respiratory syn-
drome virus (PRRSV) and anti-PRRSV antibody (28). The
present report describes a field-based longitudinal cohort study
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to assess the utility of pen-based oral fluid samples as an alter-
native to serum for herd PCV2 testing.

Materials and Methods

Target population and sampling

On 3 finishing sites that were historically known through lab-
oratory diagnostic testing to be exposed to PCV2, pens of ap-
proximately 20-30 pigs each were monitored for PCV2 infec-
tion using oral fluid and serum samples. Six pens at each of the
3 sites were selected to be monitored. Samples (serum and oral
fluid) were collected when pigs entered the facilities at 3 weeks
of age, and subsequently at 5, 8, 12, and 16 weeks of age.

At each sampling time, blood samples were collected via
venipuncture from 5 randomly selected pigs per pen. Serum
was harvested from each clotted blood sample after centrifuga-
tion at 1000 x g for 10 min and pooled by pen for testing. Oral
fluid samples were collected using a length of 3-strand twisted
cotton material suspended in an accessible location in the pen.
After being chewed on by the pigs for approximately 30 min,
oral fluid was extracted and collected as previously reported
(28). The samples were centrifuged at 1000 x g for 10 min to
remove food debris before storage at —80°C. A total of 90
samples (18 pens x 5 sampling points) of each type (i.e., oral
fluid or pooled serum) were collected for the study.

Indirect fluorescent antibody test (IFA)

Porcine circovirus-2 and control cell antigens for IFA were
prepared in 96-well plates using PK (porcine kidney)-15 cells as
previously described (27). Pooled serum and oral fluid samples
were diluted at 1:5 in 0.01 M of phosphate buffered saline
(PBS; pH 7.2) containing 0.05% Tween20 (PBST) for initial
testing. Any positive samples were then further diluted in PBST
using a serial 2-fold dilution technique for determination of anti-
body titer. Known PCV2-positive and -negative serum samples
were diluted at 1:20 and served as the controls for the assay.

For testing, the plates were first washed with PBST. Fifty pl
of each diluted sample or control sera were added to a well of
the plate. The plates were incubated at 37°C for 1 hr and
washed 3 times with 150 pl/well of PBST. Fifty pl of goat anti-
swine IgG (Kirkegaard & Perry Laboratories, Gaithersburg,
MD, USA), IgA (Bethyl Laboratories Inc., Montgomery, TX,
USA), or IgM antibody (Kirkegaard & Perry Laboratories)
conjugated with fluorescein isothiocyanate (FITC) was added
to each well and the plates were incubated at 37°C for another
hour. The plates were then washed 3 times with PBST and
allowed to air dry in the dark. The plates were read qualita-
tively under a fluorescent microscope. Indirect fluorescent anti-
body titer was determined as the reciprocal of the highest
dilution in which specific fluorescence was observed.

Enzyme-linked immunosorbent assays

Three different ELISA formats were used in the current
study. An indirect ELISA (hereafter, ISU ELISA), which was
designed to detect IgG antibody specific for the capsid protein

[ORF (open reading frame) 2 product] of PCV2 (24), was
performed on serum at 1:100 dilution and on oral fluid samples
at 1:100 and 1:5 dilutions. A commercial blocking ELISA
(SERELISA® PCV2 Ab Mono Blocking, Synbiotics Corp.,
Lyon, France), which has been reported to detect antibodies of
all isotypes (25,36), was conducted on serum at 1:10 dilution as
per the manufacturer’s recommended protocol, and on oral
fluid samples at 1:5 and 1:10 dilutions. A commercial sandwich
ELISA (INGEZIM Circovirus IgG*/1gM®, INGENASA, Madrid,
Spain), which is labeled for detection of both IgM and IgG
specific for PCV2 in a differential manner (25), was utilized to
test serum at 1:100 dilution by following the recommended
manufacturer’s procedure. The INGEZIM ELISA was not
performed on oral fluid samples because very poor perform-
ance was observed when it was used on serum samples
collected for the current study.

Quantitative real-time polymerase chain reaction

Active PCV2 infection in animals tested was determined
based on the detection of viremia by a fluorogenic polymerase
chain reaction (i.e., real-time PCR) using TagMan protocols
(26). The presence/circulation of PCV2 in a population was
determined based on the detection of PCV2 in oral fluid sam-
ples by the same real-time PCR. Polymerase chain reaction
primers (Integrated DNA Technologies Inc., Coralville, IA,
USA) and probe (TAMRA™ Probe, Applied Biosystems, Fos-
ter City, CA, USA) with 5’ reporter 6-carboxyfluorescein (FAM)
and a 3’ 6-carboxytetramethylrhodamine (6-TAMRA) quencher
[forward primer (P1570): 5’~-TGGCCCGCAGTATTCTGATT-
3’; reverse primer (P1642): 5’-CAGCTGGGACAGCAGTTGAG-
3’; and probe (P1591): 5’-6FAM-CCAGCAATCAGACCCCGT-
TGGAATG-TAMRA-3’] were designed to detect complemen-
tary sequences in ORF1 of PCV2 and synthesized by commercial
vendors.

For assay, viral DNA was extracted from 175 pl of each
sample using a commercial isolation kit (MagMax™ Viral
RNA Isolation Kit, Ambion, Austin, TX USA) with modifi-
cation. Briefly, 175 pul of sample was added to 235 pl of lysis
buffer and incubated for 5 min with shacking. After the incu-
bation, the mixture were centrifuged at 4000 x g for 10 min
and 115 pl of supernatant was transferred to a 96-well deep-
well microplate (VWR, West Chester, PA, USA) containing
65 pl of 100% isopropanol and 20 pl of paramagnetic beads.
The deep-well microplate was placed in KingFisher magnetic
particle processor (Thermo Scientific, Waltham, MA, USA)
for automated extraction process as described in the manufac-
turer’s manual. After the automated process, viral DNA was
extracted in 50 pl of elution buffer. Real-time PCR was then
carried out with TagMan® Fast Universal PCR Master Mix
(Applied Biosystems) in the 25-pl reaction volume using 5 pl
of extracted template. Primers were added at a final concentra-
tion of 20 pumol each; the probe was at a final concentration of
25 umol. The PCR amplification was performed on the ABI
7900HT Sequence Detection System (Applied Biosystems).
Cycling conditions were as follows: activation step at 95°C for



706

20 sec, and 40 cycles of 3 sec at 94°C and 30 sec at 60°C. A
known PCV2 preparation was used as the positive control.
Samples with a threshold cycle (Ct) <35 cycles were consid-
ered positive. The amount of PCV2 in each sample was calcu-
lated by converting Ct value to virus titer [fluorescence-forming
focus unit (FFU) per 1 ml] using the standard curve established
with viruses of known titers.

Sequencing

The target gene (ORF2) was amplified using the QIAGEN®
One-Step PCR kit (Qiagen Inc., Valencia, CA, USA). PCR
products were purified using the QIAquick® PCR purification
kit (Qiagen Inc.) and submitted for sequencing. Primers for PCR
and sequencing were as follows: ORF2 forward (PCV2SEQF2):
5’-CCGCAGTATTCTGATTACCAGCAAT-3’; and ORF2 reverse
(PCV2SEQR?2): 5°’-CTGCCGCTGCCGAAGTGC-3’.

Data analysis

Nucleic acid sequences of ORF2 were aligned and analyzed
using Lasergene® MegAlign software (DNASTAR Inc., Madi-
son, WI, USA). All other data were statistically analyzed with
JMP (SAS institute Inc., Cary, NC, USA). The repeated mea-
surements of the level of antibody and viral genome in serum
and oral fluid samples were analyzed with repeated measures
ANOVA. In addition, the performance of the different sero-
logic tests was compared by calculating % agreement with [FA
results and kappa (i) value as follows:

% agreement = [agreed pos + neg/total tests (n = 90)] x 100,

« = [Pr(a) — Pr(e)]/[1 — Pr(e)],

where Pr(a) is the relative observed agreement between tests,
and Pr(e) is the probability that agreement is due to chance. If
the tests are in complete agreement, then k= 1. If there is no
agreement between the tests, then i« = 0. The interpretation of
value was based on a previous guide (18): poor agreement (i =
0.00); slight (0.01 <k <0.20); fair (0.21 <k <0.40); moderate
(0.41 <k <0.60); substantial (0.61 <k <0.80); and almost per-
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fect (0.81 <k <1.00).

Results

Detection of PCV2 viremia

The presence of PCV2 viremic pigs with increasing virus
titers was detected from all 3 sites after 8 weeks of age (Table
1, Fig 1A), suggesting that active PCV2 infection was estab-
lished in the animals at some point during the observation
period. At 16 weeks of age, the level of viremia ranged from
2 x 10? to 8 x 10° FFU equivalent/ml when pooled serum sam-
ples were tested. Based on the sequencing data, all of the
viruses circulating in all 3 sites were PCV2 of North American
genotype (PCV2a or PCV2 genotype 2), and their sequence
homologies ranged from 99.6% to 100%.

Detection of PCV2 in oral fluid samples
PCV2 DNA was detected at a level lower than 1 x 10" FFU
equivalent/ml on average in oral fluid samples from 19 pens

Table 1. Detection of Porcine circovirus-2 in pooled sera and
oral fluid samples over time after placement of animals in 1 of
3 different sites*

Site 1 Site 2 Site 3
Age
(weeks)  Serum fﬁ ri?ils Serum fgl ri?ils Serum é?l ria(lils
3 0/6 2/6 0/6 0/6 0/6 0/6
5 1/6 3/6 0/6 1/6 0/6 0/6
8 0/6 3/6 0/6 2/6 0/6 0/6
12 5/6 2/6 1/6 5/6 0/6 1/6
16 6/6 6/6 6/6 6/6 6/6 6/6

*Number of positive pens/total number of pens tested (n = 6). At
each sampling time (age), the samples were collected from pigs in
6 pens per site.
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Fig 1. The level [fluorescence-forming focus unit (FFU) equivalent/ml] of Porcine circovirus-2 in serum (A) and oral fluid samples (B)
over time as determined by a quantitative real-time PCR and the correlation between viral loads in serum and oral fluid samples (C).
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(10 in site 1, 8 in site 2, and 1 in site 3) until 12 weeks of age
when PCV2 level in oral fluid samples was increased to 3 x 10°
FFU equivalent/ml (Table 1, Fig 1B). Similar to the PCV2
viremia pattern, the level of virus in oral fluid samples col-
lected from all sites at 16 weeks of age was greatly increased
(1 x 10*~ 8 x 10°). Overall, a significant correlation (r*=0.61,
p<0.0001) between viral load in oral fluid samples and that in
serum was observed (Fig 1C).

Detection of PCV2-specific antibody in serum samples
Serologic profiles of pigs in pens and sites for PCV2 expo-
sure as determined by 4 different assays (IFA, ISU ELISA,
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SERELISA, and INGEZIM ELISA) over time are summarized
in Table 2 and Fig 2A, C, and E. Neither IgA nor IgM was
detected by IFA in any of the pooled sera tested. All pens in all
of the 3 sites were seropositive for PCV2 specific IgG until 5
weeks of age by IFA and until 8 weeks of age by ISU ELISA.
Results of SERELISA during the same period (i.e., up to 8
weeks of age) were similar to those of IFA and ISU ELISA, but
the number of seropositive pens detected by SERELISA was
less than that detected by the other 2 tests. None of the study
pens, with the exception of 1 pen each in sites 1 and 2, was
seropositive for PCV2 at 12 weeks by IFA and SERELISA.
However, all pens in site 1 and 3-5 pens in sites 2 and 3 became

Table 2. Detection of Porcine circovirus-2—specific antibodies in pooled sera by various serological assays*

Site 1 Site 2 Site 3
Age IsuU  INGEZIM ISU INGEZIM ISU  INGEZIM
(weecks) IFA  SERE- ELISA IFA SERE- ELISA IFA SERE- ELISA
ELISA ELISA ELISA
(IgG) LISA (IgG) LISA (IgG) LISA
Ig6) 166 IgM Ig6) 166 IgM Ig6) 166 IgM
3 6/6 26 6/6 06 66 6/6 6/6 66 06 56 6/6 56 66 16 66
5 6/6 3/6 6/6 06 66 6/6 36 66 06 26 6/6 206 66 06 66
8 06 2/6 6/6 06 66 06 1/6 66 06 06 6/6 06 66 06 66
12 06 06 1/66 06 66 06 06 1/6 06 06 06 06 06 06  6/6
16 6/6 06 6/6 56 66 56 06 36 06 06 46 06 46 06 66

*Number of positive pens/total number of pens tested (n = 6). At each sampling time (age), sera were collected from pigs in 6 pens per site.
Each serum was tested after diluted as recommended by the manufacturer or the developer and represents a pool of 5 sera per pen. [FA =
indirect fluorescent antibody test; ISU ELISA = Iowa State University-developed enzyme-linked immunosorbent assay.
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Fig 2. Anti-Porcine circovirus-2 1gG antibody responses in serum (A, C, E) and oral fluid samples (B, D, F) as determined by indirect
fluorescent antibody test (A, B), ISU ELISA (C, D), and SERELISA (E, F). While serum samples were diluted 1:100 or 1:10 for ISU
ELISA and SERELISA, respectively, as recommended by the manufacturer or developer, oral fluid samples were diluted 1:5 for testing.
Horizontal line in each panel indicates the cut-off values for each test.
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Fig 3. IgG (A) or IgM (B) antibody response determined in serum by INGEZIM ELISA. Horizontal line in each panel indicates the

cut-off values for each test.

seropositive for PCV2 at 16 weeks by IFA and ISU ELISA,
whereas no site was seropositive for PCV2 by SERELISA, sug-
gesting different levels of sensitivity among the tests.

In contrast, INGEZIM ELISA (designed to detect both IgG
and IgM in a differential manner) was inefficient for detecting
PCV2- specific IgG as compared to the other serologic assays
employed in this study since only 6 of the 90 samples were
determined to be positive for anti-PCV2 IgG by this assay
(Table 2, Fig 3A). The assay determined all except 6 pens in
site 2 to be positive for IgM specific for PCV2 (Table 2). A sig-
nificantly higher level of PCV2-specific IgM antibody was

detected in all sites after 12 weeks of age (p <0.0001), imply-
ing that there was a recent infection by PCV2 (Fig 3B).

Comparison of assay performance on serum samples

The performance of the 3 ELISAs on pooled serum sam-
ples was compared to that of IFA (Table 3). IFA and SERE-
LISA showed 62% agreement in test results (k= 0.296),
which indicated a fair level of agreement. Much less agree-
ment in test results (49%) was observed between ISU ELISA
and SERELISA, which could be attributed to the higher sensi-
tivity of ISU ELISA. IFA and ISU ELISA represented a 76%

Table 3. Test agreement of various Porcine circovirus-2 serologic assays on serum samples collected from pigs in 6 pens each of 3

different sites over time*

INGEZIM ELISA (1:100 dilution)

SERELISA (1:10 dilution) ISU ELISA (1:100 dilution)

Positive Negative Positive Negative Positive Negative
IFA (1:5 dilution)
Positive 6 46 21 31 49 3
Negative 0 38 3 35 19 19
% agreementt (k value) 49 (0.099) 62 (0.296) 76 (0.469)
INGEZIM ELISA (1:100 dilution) SERELISA (1:10 dilution) IFA (1:5 dilution)
Positive Negative Positive Negative Positive Negative
ISU ELISA
(1:100 dilution)
Positive 6 62 22 46 49 19
Negative 0 22 0 22 3 19
% agreementt (k value) 31 (0.059) 49 (0.189) 76 (0.469)

*Each serum represents a pool of 5 pig sera per pen at each sampling time. ISU ELISA = lowa State University-developed enzyme-linked

immunosorbent assay; IFA = indirect fluorescent antibody test.

T % agreement = [agreed pos + neg/total tests (18 pens x 5 sampling points = 90)] x 100.
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agreement in test results (k= 0.469), suggesting a moderate
level of agreement. The lowest agreements in test results were
observed between IFA and INGEZIM ELISA (49% agreement,
k=0.099) and between ISU ELISA and INGEZIM ELISA
(31% agreement, k¥ = 0.059).

Detection of PCV2-specific antibody in oral fluid sam-
ples

Because a low level of antibody was expected in oral fluid
samples, both a lower dilution (1:5) and the recommended dilu-
tion (i.e., 1:10 for SERELISA and 1:100 for ISU ELISA) of
each oral fluid sample were tested by IFA, SERELISA, and ISU
ELISA. INGEZIM ELISA was not used because of its low sen-
sitivity in detecting anti-PCV2 antibody in serum. As overall
ELISA results correlated better with IFA results at the lower
dilution of oral fluid samples, which was also the case for the
serum samples, all results described below for oral fluid samples
were from the assays using the modified procedure (i.e., low
dilution).

Similar to the results on the pooled serum samples, PCV2-
specific IgG was detected in oral fluid samples with decreas-
ing antibody titer until 8 weeks of age by all of the tests (Table
4, Fig 2B, D, F). However, the number of positive pens was
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less than that determined based on the pooled serum samples,
and the level of antibody in oral fluid samples was generally
lower than that in the serum samples (Fig 2). None of the oral
fluid samples collected from pigs in all 3 sites at 12 weeks of
age was positive for PCV2 IgG except for 1 pen in site 2,
which was positive by IFA (Table 4). While pigs in most of the
pens in all sites became seropositive for PCV2 at 16 weeks of
age, only the oral fluid samples collected from all pens in site 1
and 1 pen in site 2 were positive for PCV2-specific 1gG at the
same age. Anti-PCV2 IgA was detected by IFA in oral fluid
samples collected from all pens at 16 weeks of age that were
also positive for anti-PCV2 IgG

Comparison of assay performance on oral fluid sam-
ples

Using a lower dilution, a good agreement in test results was
observed between IFA and SERELISA (93% agreement;
k= 0.87) and between IFA and ISU ELISA (88% agreement,
« =0.75; Table 5). The recommended dilution (1:100) for ISU
ELISA on serum samples seriously impaired the sensitivity of
the test for detecting IgG antibody specific for ORF2 product
of PCV2 in oral fluid samples. In contrast, results of SERE-
LISA were not greatly influenced by the dilution factor. The

Table 4. Detection of Porcine circovirus-2-specific antibodies in oral fluid samples by various serologic assays over time after

placement of animals in 1 of 3 different sites*

Site 1 Site 2 Site 3

= QS S
IeG IgA LISA (IeG) IeG IgA LISA (IeG) IgG IgA LISA (IeG)

3 6/6 0/6 6/6 6/6 6/6 0/6 6/6 6/6 6/6 0/6 6/6 6/6

5 1/6 0/6 1/6 1/6 5/6 0/6 4/6 5/6 4/6 0/6 5/6 5/6

8 0/6 0/6 0/6 0/6 4/6 0/6 4/6 4/6 1/6 0/6 1/6 1/6

12 0/6 0/6 0/6 0/6 1/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6

16 6/6 6/6 6/6 0/6 1/6 1/6 0/6 0/6 0/6 0/6 0/6 0/6

*Number of positive pens/total number of pens tested (n = 6). At each sampling time (age), oral fluid samples were collected from pigs in
6 different pens per site. Each oral fluid sample represents a pen. All samples were tested after diluted 1:5. IFA = indirect fluorescent anti-
body test; ISU ELISA = Iowa State University-developed enzyme-linked immunosorbent assay.

Table S. Test agreement of various Porcine circovirus-2 assays on oral fluid samples collected from pigs in 6 pens each of 3 different
sites over time. Each oral fluid sample represents a pen at each sampling time*

SERELISA (1:5)f

ISU ELISA (1:5)t

SERELISA (1:10)} ISU ELISA (1:100)}

Positive Negative Positive Negative Positive Negative Positive Negative
IFA (1:5)
Positive 37 4 32 9 34 7 35
Negative 2 47 2 47 0 48 49
% agreement§ (k value) 93 (0.865) 88 (0.75) 92 (0.84) 61 (0.157)

*ISU ELISA = Iowa State University-developed enzyme-linked immunosorbent assay; IFA = indirect fluorescent antibody test.
FTNumbers in parentheses describe the dilution of samples for each assay, which is lower than what was recommended by the manufacturer

or developer.

Numbers in parentheses describe the dilution of samples for each assay as recommended by the manufacturer or developer.
§ % agreement = [agreed pos + neg/total tests (18 pens x 5 sampling points = 90)] x 100.
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recommended dilution (1:10) for SERELISA on serum sam-
ples slightly reduced the sensitivity of the test, as 92% agree-
ment was observed between IFA and SERELISA.

Discussion

Oral fluid samples have been successfully used to detect
antibodies specific for several pathogens in both human and
veterinary medicine, particularly when sample collection and
test procedure were optimized (7,12,28). Advantages of oral
fluid sampling over serum sampling are ease of collection,
noninvasiveness in sample collection, and representation of
population. Despite these advantages, a few disadvantages
have been identified with using oral fluid samples: a) a rela-
tively low concentration of antibody compared to serum; b) the
tendency of rapid antibody or agent degradation by bacterial
growth and proteolytic enzyme breakdown; and c) lack of stan-
dardized antibody detection procedure (9,11). To circumvent
these difficulties, modifications (e.g., pretreatment of samples,
and different dilution of sample) need to be made in test pro-
cedures to optimize the analytic and diagnostic performance of
the tests. In the current study, oral fluid samples were tested at
a lower dilution (1:5) than recommended (i.e., 1:10 or 1:100 for
SERELISA or ISU ELISA, respectively). With such a modifi-
cation, IFA, SERELISA, and ISU ELISA showed a relatively
good agreement regardless of whether they were performed on
serum (49-76% agreement; Kk =0.19-0.47) or oral fluid sam-
ples (88-93%; « = 0.75-0.87). Nevertheless, the assays demon-
strated differences in their sensitivities, which could be
attributed to a difference in the ability of each assay to detect
immunoglobulins of different isotypes or subclasses (5) and/or
antibodies against different epitopes of PCV2. A better agree-
ment was observed among the assays when oral fluid samples
were tested instead of serum. It might be because more defined
isotypes or subclasses of antibodies would be transferred to
oral fluids from blood circulation (17). In contrast, INGEZIM
ELISA showed a poor agreement with the other assays used in
the present study probably due to low sensitivity of the assay
as compared to the IFA. Receiver operating characteristic
(ROC) analyses suggested that test performance of INGEZIM
ELISA could be improved if the cut-off (0.213) of the assay
for IgG was lowered. If 0.032 was to be used as a cut-off, the
sensitivity and specificity of the assay would be 96% and 92%,
respectively, as compared to IFA results (IgG) on the serum
samples (data not shown).

The serum PCV2 viremia and antibody profiles observed in
the current study are similar to reports by other investigators
even though sera were tested after being pooled. Previous
field studies (19) demonstrated that maternal antibody spe-
cific for PCV2 gradually decayed by 11 weeks of age, and
seroconversion to the virus occurred again between 12 and 15
weeks when PCV2-positive farms were monitored from 3 up
to 28 weeks of age. In those herds, PCV2 viremia was
detected between 11 and 15 weeks of age (30). In agreement
with previous reports, the current study also demonstrated that

PCV2-specific maternal antibody continued to decay and was
undetectable between 8 and 12 weeks of age in both serum
and oral fluid samples. Seroconversion to the virus was
observed at 16 weeks of age (Table 2, Fig 2) regardless of the
type of sample tested (i.e., serum or oral fluid samples), sug-
gesting that the study sites were experiencing recent infection
by PCV2. The recent PCV2 infection was substantiated by
detecting a high level of PCV2 viremia in pigs at 12 weeks of
age and PCV2-specific IgA and/or IgM antibodies besides
IgG in oral fluid and serum samples at 16 weeks of age (Figs.
1, 3B). Levels of PCV2 DNA in oral fluid samples were sim-
ilar to those in pooled serum over time with a correlation
coefficiency rate (r?) of 0.61 (Fig 1). Furthermore, the anti-
body kinetic profile over time, which was determined using
oral fluid samples, was also similar to that determined using
sera (Fig 2). Therefore, the general profile reflecting the herd
status of PCV2 infection/circulation and humoral immunity
were compatible regardless of whether serum or oral fluid
sample was used for the evaluation.

Observations from the present study suggest that oral fluids
can be an alternative to serum for detecting PCV2 DNA and/
or PCV2-specific antibody at a population level. Since PCV2
has been reported to replicate in the tonsil (3), oral fluids
might be a better material to detect PCV2 at the early stage of
infection. The present study demonstrated earlier detection of
PCV2 circulation in all of the study sites when oral fluid sam-
ples were tested in comparison to serum samples (Table 1),
suggesting that oral fluid samples could be good for prognos-
tic herd profiling. Levels of PCV2 in oral fluid samples col-
lected at between 3 and 12 weeks of age were lower than
those in samples collected at 16 weeks of age (Fig 1). Such
low levels of PCV2 in oral fluid samples could reflect a low
prevalence of infected pigs in each of the study sites or envi-
ronmental contamination as the virus is extremely stable (25).
This observation may emphasize the importance of perform-
ing a quantitative assay for PCV2 using oral fluid samples to
determine whether or not active PCV2 infection is established
in pigs. With selection of proper tests and appropriate adjust-
ments of test procedures, oral fluid sampling may be a cost-
effective way to monitor virus activity or immune status in a
swine population.
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THHE 0|28t L=EE| Porcine circovirus-2 20| CHet ZLE{E

eAEIET

ARTheia ol seyer YA g ATa

2 < : Porcine circovirus-2 (PCV2) © SRl oJ8] Fejo] AWzl S379o 1t ZHe
PCV- assomated diseases (PCVAD)E ZZ# o7 ERdHT}. PCVAD°ﬂ o3t =& AAA &4 ulE
PCV2e] S BRIs] flate] EHE u/*}’éb"’— ATk AT, 7150 AAH YL v o] w7 Fe
HER & R WA datels of#fgel ATt old & AFolxNe FAHYE o] &3 =9
of gt chAPH O R =i &9 FAANHE Y F-EA8E AA Sl BrrsiATE Al 2o e
A Z47E ool 255 el EWES At AF 3, 5, 8, 12, 16570 = uirt shue] el
A8t BE ANEEL real-time PCR o] &3] PCV2 DNAS ARSI IgG B IgA 1H R
2 M 7EX]] ELISA ZAF (blocking ELISA, indirect ELISA, and IgG/IgM sandwich ELISA)S ©]&
] gk FAE AARIATE g4l PCV2 DNAE 8F7HA & HdA o2 AEo] ot 1670l BE =1
AZo] Hon, BAFH PCV2 o] IgGE 3F4HE AZo E]Oh BE s 5857 Aol HAUT
e & 7 (Site 1)¢] RE =wolA 7] 98 1gGS} IgA7} AEE AT EH oA 9] PCV2 DNASH PCV2 3]
o A %—% TN 9] HEF w& AHHAE BT wEbA ?‘7“’—‘,‘?_ =29 PCV2 ZES BUEHE 317] 93
YA AR F e AYE, 2F5Ee AEU E F IS Ao Algdr

FL0{ : 7N, Porcine circovirus-2, I3, enzyme-linked immunosorbent assay, 7Hd343AH
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37. Wellenberg GJ, Stockhofe-Zurwieden N, Boersma WIJ, De
Jong MEF, Elbers AR. The presence of co-infections in pigs
with clinical signs of PMWS in The Netherlands: a case-



